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Systematic, well-designed research provides the most effective
approach to the solution of many problems facing highway ad-
ministrators and engineers. Often, highway problems are of local
interest and can best be studied by highway departments individu-
ally or in cooperation with their state universities and others. How-
ever, the accelerating growth of highway transportation develops
increasingly complex problems of wide interest to highway au-
thorities. These problems are best studied through a coordinated
program of cooperative research.

In recognition of these needs, the highway administrators of
the American Association of State Highway and Transportation
Officials initiated in 1962 an objective national highway research
program employing modern scientific techniques. This program is
supported on a continuing basis by funds from participating
member states of the Association and it receives the full coopera-
tion and support of the Federal Highway Administration, United
States Department of Transportation.

The Transportation Research Board of the National Research
Council was requested by the Association to administer the re-
search program because of the Board’s recognized objectivity and
understanding of modern research practices. The Board is
uniquely suited for this purpose as it maintains an extensive
committee structure from which authorities on any highway
transportation subject may be drawn; it possesses avenues of
communication and cooperation with federal, state, and local
governmental agencies, universities, and industry; its relationship
to the National Research Council is an insurance of objectivity; it
maintains a full-time research correlation staff of specialists in
highway transportation matters to bring the findings of research
directly to those who are in a position to use them.

The program is developed on the basis of research needs iden-
tified by chief administrators of the highway and transportation
departments and by committees of AASHTO. Each year, specific
areas of research needs to be included in the program are proposed to
the National Research Council and the Board by the American
Association of State Highway and Transportation Officials. Re-
search projects to fulfill these needs are defined by the Board,
and qualified research agencies are selected from those that have
submitted proposals. Administration and surveillance of research
contracts are the responsibilities of the National Research Coun-
cil and the Transportation Research Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make significant
contributions to the solution of highway transportation problems
of mutual concern to many responsible groups. The program,
however, is intended to complement rather than to substitute for
or duplicate other highway research programs.

NOTE: The Transportation Research Board, the National Research
Council, the Federal Highway Administration, the American Asso-
ciation of State Highway and Transportation Officials, and the indi-
vidual states participating in the National Cooperative Highway Re-
search Program do not endorse products or manufacturers. Trade or
manufacturers’ names appear herein solely because they are con-
sidered essential to the object of this report.
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PREFACE

FOREWORD

By Staff
Transportation
Research Board

A vast storehouse of information exists on nearly every subject of concern to highway
administrators and engineers. Much of this information has resulted from both research
and the successful application of solutions to the problems faced by practitioners in their
daily work. Because previously there has been no systematic means for compiling such
useful information and making it available to the entire community, the American
Association of State Highway and Transportation Officials has, through the mechanism of
the National Cooperative Highway Research Program, authorized the Transportation Re-
search Board to undertake a continuing project to search out and synthesize useful knowl-
edge from all available sources and to prepare documented reports on current practices in
the subject areas of concern.

This synthesis series reports on various practices, making specific recommendations
where appropriate but without the detailed directions usually found in handbooks or de-
sign manuals. Nonetheless, these documents can serve similar purposes, for each is a
compendium of the best knowledge available on those measures found to be the most
successful in resolving specific problems. The extent to which these reports are useful will
be tempered by the user’s knowledge and experience in the particular problem area.

This synthesis report will be of interest to both administrators and researchers involved
in the measurement of performance for research, development, and technology (RD&T)
programs in state departments of transportation (DOTs), federal transportation and other
agencies, the private sector, and academic organizations. It addresses the use of perform-
ance measures for evaluating the effectiveness and impact on transportation RD&T pro-
grams. The synthesis is based on a review of the literature, a questionnaire distributed to
state DOTs (research programs, upper management, and operating units), and queries to
select private sector and academic organizations.

Administrators, engineers, and researchers are continually faced with highway prob-
lems on which much information exists, either in the form of reports or in terms of un-
documented experience and practice. Unfortunately, this information often is scattered
and unevaluated and, as a consequence, in seeking solutions, full information on what has
been learned about a problem frequently is not assembled. Costly research findings may
go unused, valuable experience may be overlooked, and full consideration may not be
given to available practices for solving or alleviating the problem. In an effort to correct
this situation, a continuing NCHRP project has the objective of reporting on common
highway problems and synthesizing available information. The synthesis reports from this
endeavor constitute an NCHRP publication series in which various forms of relevant in-
formation are assembled into single, concise documents pertaining to specific highway
problems or sets of closely related problems.

This report of the Transportation Research Board provides information on perform-
ance measures as they relate to RD&T programs. It addresses the general issue of measur-
ing performance, and it details various activities carried out within state DOTs, federal
and other agencies, the private sector, and academic organizations. It serves as a tightly



focused companion document to NCHRP Synthesis 238, and is an outgrowth of the activ-
ity involved with NCHRP Synthesis 280.

To develop this synthesis in a comprehensive manner and to ensure inclusion of sig-
nificant knowledge, the available information was assembled from numerous sources, in-
cluding a large number of state highway and transportation departments. A topic panel of
experts in the subject area was established to guide the author’s research in organizing
and evaluating the collected data, and to review the final synthesis report.

This synthesis is an immediately useful document that records the practices that were
acceptable within the limitations of the knowledge available at the time of its preparation.
As the processes of advancement continue, new knowledge can be expected to be added
to that now at hand.
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PERFORMANCE MEASURES FOR RESEARCH,

SUMMARY

DEVELOPMENT, AND TECHNOLOGY
PROGRAMS

Although performance measures of one sort or another have been around for generations, in
the last decade they have become more popular, especially among public agencies. The
genesis for this popularity was the passage of the Government Performance and Results Act
of 1993, which directed federal agencies to develop formal mechanisms for measuring and
reporting performance. This popularity spread across the nation to state and local agencies,
including state departments of transportation (DOTs).

In the last decade, many studies related to performance measures have been undertaken,
and performance measures have been implemented in many of the production units of state
DOTs. However, performance measures for research, development, and technology (RD&T)
programs have been slower to be implemented. This is for several reasons, not the least of
which is the difficulty of measuring the quality or value of research activities.

Agencies that have instituted or are investigating performance measures for RD&T are
typically focused on the following three concerns of the research program:

e Process management,
e Program quality, and
e Program value.

Many performance measures for process management have been in place for many years. Far
fewer are in place for program quality or value. For program value, benefit-cost ratios and
the use of anecdotal evidence of success are the most common.

Examples of performance measures used by state DOTSs for project selection include cost-
benefit analyses, qualitative alignment of proposed projects with organizational strategic
goals, and peer assessments. For project management, the typical performance measure is re-
lated to benchmarking actual progress against the prescribed budget and schedule, often
making use of a database and updating records as needed (where projects that are signifi-
cantly deviating from anticipated progress can be easily recognized). For post-project im-
plementation, a typical performance measure is of a binary nature—a “check-off” approach
that asks if units within the DOT were using the results of the research. Program benefits are
often assessed using cost-benefit analysis techniques (with great variation among states re-
garding the specifics of implementing the technique) or through anecdotal evidence (e.g., re-
ports from operating units within the DOT) of payoff from the research. Finally, there was
little in the way of performance measurements regarding staff productivity related to the
RD&T effort—most agencies that had a method in place indicated that it was the general
performance review that applied to all DOT staff.



Investigation has indicated that for the often intangible and intractable benefits of re-
search, peer-assessment processes are the most effective means of obtaining measures of
program performance. This ideal has instant credibility among state DOTs and the U.S.
DOT, who have embraced the concepts of “peer exchanges,” which rely on interactions of
external parties (often colleagues in other DOTS) with their programs. These peer ex-
changes, meant to foster open dialogue among colleagues in the RD&T realm across agency
boundaries, and not intended to be formal assessments, but rather information exchanges,
have been promulgated through FHWA activities and through continued involvement in the
peer exchange programs conducted by state DOTs in cooperation with the FHWA. In addi-
tion, the National Science Foundation continues to allocate significant portions of its funding
based on peer-assessment processes. Peer assessment has been given further credence based
on recent work of the Committee on Science, Education, and Public Policy of the National
Research Council.

The private and academic sectors also struggle with performance measurement, and a vi-
able solution for state DOTs does not reside with them. In many ways, private sector prac-
tices are similar to those of the few public RD&T units with comprehensive measures in
place. Many of the concerns within the private sector regarding costs, savings, and improve-
ments to operations are shared by the public sector.

In contrast, the academic sector historically has been focused on matters far different from
those of the sponsors of research. Although their performance measures are limited in port-
ability to the RD&T unit, an understanding of these measures is essential—after all, the aca-
demic community provides the lion’s share of the work force when it comes to the conduct of
research and education/training efforts for many state DOTs (a significant contribution to
federal transportation activities is also provided).

It is clear that tying some performance measures to the strategic goals of an agency is es-
sential. This linkage ensures the relevance of the research unit to the desires of upper man-
agement. However, the research unit must have self-contained performance measures as well,
because the strategic goals of transportation agencies are seen by many to change as fre-
quently as do administrations; however, RD&T programs require longitudinal performance
data that can be compared over much longer periods of time.

It is also clear that much remains to be done before adequate tools are available to satisfy
the needs of research managers related to performance measurement. Specifically, guidance
is needed on cost-benefit approaches to program-level evaluation, and tools are needed to as-
sess research outcomes that do not lend themselves to quantitative measure (such as anecdo-
tal stories of success, institutional knowledge capacities, and similar factors). A specific need lies
in the area of technology transfer, such that the extent of the improvement of workshop or
training session attendees’ skills or abilities can be more rationally determined.



CHAPTER ONE

INTRODUCTION

Performance measures became one of the catch phrases of
the 1990s as state agencies came under increasing scrutiny
with respect to their budgets, operations, and business op-
erations. Many state agencies attempted to implement per-
formance measures to help evaluate the quality and quan-
tity of work produced by its operating units. State
departments of transportation (DOTs) were no different,
often setting benchmarks for production (e.g., designs or
constructed projects completed). However, although there
were some states that developed or already possessed per-
formance measures for their research, development, and
technology (RD&T) programs, many did not. Indeed, to
date, approximately one-half of the state DOTs surveyed as
part of this synthesis effort did not have formal measures in
place. Most, however, acknowledged the need for such
measures in the short or long term.

This synthesis discusses performance measures as they
relate to RD&T programs. It addresses the general issue of
measuring performance, and it details the various activities
carried out within state DOTs, federal and other agencies, the
private sector, and academia related to evaluating the effec-
tiveness of RD&T efforts. The synthesis is based on a review
of the literature, a questionnaire to state DOTs (research pro-
grams, upper management, and operating units), and que-
ries to selected private sector and academic organizations.

WHAT ARE PERFORMANCE MEASURES?

Performance measures are assessment data or techniques
that strongly, directly, or quantitatively reflect the degree to
which results meet the needs and expectations of the cus-
tomer (/). These measures are often compared to goals or
benchmark levels, such that remedial actions can be acti-
vated when benchmarks are not met. Performance indica-
tors, on the other hand, are data or techniques that suggest
general alignment of results with customer goals. They can
typically be direct or surrogate measures for actual perform-
ance characteristics of interest, and they often are useful in
identifying trends in overall performance, if not an actual
comparison to a desired goal. In simplest terms, perform-
ance measures are a stricter, quantitative benchmark of re-
sults compared to performance indicators. With care, per-
formance measures can be aggregated from local to state to
regional to national levels. Some performance measures
may even be presented in a way that allows the state DOT
to be compared with other agencies within state govern-
ment (e.g., if some measure based on dollars is used).

A contrast of the terms measure and indicator is avail-
able if one considers a ubiquitous item tracked by many
DOTs: anecdotal stories about RD&T “successes.” The ex-
istence of unsolicited anecdotal stories from other DOT
units, reporting how RD&T helped them, might be consid-
ered a “performance indicator.” However, a “performance
measure” might be the actual number of such stories re-
corded per year, with a benchmark or goal of two. Anecdo-
tal evidence provides an intuitive and subjective connec-
tion between activities and benefits in a way that is not
easy to capture quantitatively.

Performance measures are used in many facets of life.
For example, an automobile manufacturer may measure
the quality and execution of its function, car making, using
performance measures such as number of recalls or defects
noted after delivery to dealers or number of cars produced
per day. Performance measures in state DOTs have gained
increased use in the last decade, addressing operational is-
sues such as the number of roadway designs completed or
the extent of shipping activity in ports. NCHRP Synthesis
of Highway Practice 238: Performance Measurement in
State Departments of Transportation,” published in 1997,
provides a comprehensive discussion of the terminology
and state of the practice regarding performance measures
for DOT operating functions (2). However, the document
contains little information directly related to performance
measures for RD&T programs in state agencies.

The term performance measures has been around for
some time, but its popularity has increased with the pas-
sage in 1993 of the Government Performance and Results
Act (GPRA). Although there are various traditional sources
of definitions of additional terms related to performance
measurement, no standard and commonly accepted defini-
tions currently exist. Since 1995, the U.S. Office of Man-
agement and Budget has provided online a “Primer on Per-
formance Measurement” (3). The primer provides
definitions that are intended for use in federal programs in
adherence to GPRA. The following terms are included, al-
though many state DOTs do not use the same terminology:

¢ Outcome measure—An assessment of the results of a
program compared to its intended purpose (e.g., per-
centage of taxes collected in a given year by a reve-
nue agency).

e Qutput measure—A tabulation, calculation, or re-
cording of activity or effort that can be expressed in a



quantitative or qualitative manner (e.g., timeliness of
payments to consultants on design projects).

e Impact measure—Measures of the direct or indirect
effects or consequences resulting from achieving pro-
gram goals (e.g., decrease in design errors resulting
from training of state DOT engineers).

¢ Input measure—degree or extent of resources or other
items that an agency or manager has available to
carry out the program or activity (e.g., number of em-
ployees available to do planning studies).

Perhaps because of the differing understandings of per-
formance measures, New York established some defini-
tions and usages under Operational Goal 94-8, which it
published in a Technical Services Division document, “Re-
view of Performance Measures” (4). This document, which
does not apply only to the research unit, defines a perform-
ance measure as ‘“a management tool for objectively gaug-
ing the work accomplished towards a goal.” Furthermore,
the document establishes that managers use the measures
“as a tool for

Effectively utilizing their resources,
Measuring past work,

Rating work against standards,
Comparing similar groups, and

Reporting work output and performance.”

In addition, it notes that such measures provide manag-
ers with facts “that are used to

Determine if goals are being met,
Defend present resources,

Justify additional resources,
Measure efficiency, and

Improve performance.”

WHY ARE PERFORMANCE MEASURES IMPORTANT TO
RD&T PROGRAMS?

Performance measures have become one component of
public and internal perception of accountability—an issue
that has recently grown in prominence within state DOTs,
as noted in NCHRP Synthesis of Highway Practice 280;
Seven Keys to Building a Robust Research Program (5).
RD&T programs are often perceived as unusual entities
within an organizational structure, with special concerns re-
lated to their accountability. Sometimes the programs are per-
ceived as being treated “with kid gloves”; that is, not being
held to the same standards as the rest of the agency.

The issue of accountability goes beyond mere percep-
tion. Although considered essential to the vitality of an or-
ganization, RD&T programs are usually one or more steps
removed from the “front lines” of organizational activity.

This is especially true in transportation RD&T programs.
Frequently, the results of RD&T activity are used by others
to improve operations. The unit that uses the results will
often have readily measurable performance outcomes, al-
though the role and extent of RD&T’s impact on those out-
comes is harder to delineate. For example, consider the fol-
lowing performance measures discussed in NCHRP Report
446.: A Guidebook for Performance-Based Planning (6):

Accessibility

Mobility

Economic development

Quality of life

Environmental and resource conservation
Safety

Operational efficiency

System preservation.

Many of these measures are directly applicable to the
activities of operating units in a state DOT structure. For
example, accessibility and mobility increases may be
linked to planning activities and goals, operational effi-
ciency to a maintenance or construction unit, and safety to
a design unit. RD&T activities may have contributed to
some or all of these areas; however, the linkage is not di-
rect and the actual improvement based on the RD&T activ-
ity alone (i.e., setting aside any contributions solely from
the operating unit) is very difficult to ascertain.

Increasingly, chief executive officers (CEOs) of state
agencies are being hired from the business sector, fre-
quently from organizations that had no research and devel-
opment (R&D) unit. Accordingly, they are sometimes per-
ceived as being without an in-depth appreciation for the
special role of RD&T, and they may not have an apprecia-
tion, or perhaps a tolerance, for a unit that operates under
special conditions and understanding.

In addition, based on discussions with DOT personnel
during the gathering of information for this synthesis, it is
clear that RD&T programs have not been spared from the
attrition rates of other units in state DOTs. With such attri-
tion (through early retirement and similar programs), the
institutional memory of past performance of the programs
is diminishing. Although unspecified goals and measuring
sticks may reside in the head of the research administrator,
there is a risk that such corporate wisdom may disappear
with the individual. Accordingly, there is an identified need
to have performance measures be a process-oriented activ-
ity for the continuous improvement of the program, and
not a system that is based solely on a particular person at
the top of the RD&T organizational chart.

For these and other reasons, RD&T units may choose to
embrace performance measures to help increase their
chances for improving and surviving in the current trans-
portation climate.



TERMS USED IN THIS SYNTHESIS

As noted previously, there are no commonly accepted defi-
nitions for terms used related to performance measure-
ments. However, many terms are ever present, and some of
these are subsequently described with their usage in this
document. Some of the distinctions may not be the same as
used in all agencies; however, the subtlety of some distinc-
tions will not detract from the primary message of this syn-
thesis.

Research (Basic and Applied)

Perhaps one of the most important questions that is or
should be asked about RD&T programs is “What is re-
search?” Surprisingly, there are many differing opinions
and interpretations related to this term. Most state agencies
and others accept variations of the traditional dictionary
definition, one of which states that research is “studious
inquiry, usually critical and exhaustive investigation or ex-
perimentation having for its aim the revision of accepted
conclusions, in the light of the newly discovered facts” (7).
Many CEOs and other administrators do not hold to a strict
definition of research; instead, research is defined as sim-
ply something that requires more than standard operational
time to conduct or implement, but not necessarily the revi-
sion of understanding and not necessarily performed under
any standard operating parameters such as the “scientific
method.” Most persons involved in the research, be they
managers, academics, or others, tend to require a strict
definition, with an informal use of the term being consid-
ered some sort of a “special consulting study” or “special
planning study” but not necessarily “research.”

Under the rubric of research, there are two commonly
accepted although not mutually exclusive branches: basic
and applied. These distinctions are more commonly agreed
upon than the actual definition of research itself. As stated
in a recent study from the National Academy of Sciences
(8), “basic research is often thought of as an unfettered ex-
ploration of nature whose only required output is new
knowledge and whose outcomes are unknowable in ad-
vance. Applied research might be described as an activity
whose outputs are also new knowledge, but knowledge
whose nature and use are explicitly needed to achieve a
specific useful outcome.”

An example of basic research might be the pursuit of
mathematical formulations for complex or other analytical
functions, where the solutions may never be found. The
pursuit of a mathematical proof that has stumped scholars
for years (e.g., Fermat’s Last Theorem) can be categorized
as basic research—it may nurture entire branches of
mathematics through the creative meanderings of mathemati-
cians over the centuries. Applied research might include the

creation of numerical techniques (perhaps through com-
puter code) that provide approximate solutions to mathe-
matical formulations known to describe physical processes.

State DOTs and the private sector tend to focus almost
exclusively on applied research, whereas national initia-
tives from government or foundations will frequently
sponsor both applied and basic research. Some states do
perform or sponsor basic research, sometimes with a hope
for eventual relevance to their activities, and sometimes
because it provides enhanced technical expertise and tech-
nical networking abilities to their staffs or pool of re-
searcher talent.

Development

Development is frequently seen as the process required to
take an idea or knowledge and to manifest it as something
physical or real (with some deference for the world of
software development with respect to the term “physical’)
and useful. Development is different from production in
that the path from idea to manifestation may not be direct
or prescribed, and it may diverge significantly from an
originally anticipated final product. Nonetheless, success-
ful development inevitably provides a product that meets
originally stated goals or objectives.

Many state DOTs are actively involved in development—
for example, the creation of new mixture formulations for
pavements that achieve prescribed performance goals.

Technology and Technology Transfer

In general, technology relates to concepts, practices, and
developments in industrial science or the industrial arts (7).
For this synthesis, the focus will be on technology transfer,
or the conveyance of such understanding to a less informed
individual or group. Many state DOTs have as a major
need the training of new and existing personnel. The tech-
nology transfer unit, whether it is a “T* center” or local
technical assistance program (LTAP), often meets this
need. Frequently, the technology transfer is intended to
bring employees up to speed on new ways of performing
job functions, where these new ways have resulted from
research and/or development.

Science and Engineering

Science generally is concerned with knowledge related to
observation and classification of facts and/or the estab-
lishment of verifiable general laws. For example, the world
of mathematical science describes, in part, interactions of



functions based on sets of commonly accepted axioms.
Engineering, on the other hand, relates to the use of scien-
tific concepts in order to understand or to mold pieces of
the physical world to meet prescribed needs, with the proc-
ess adhering to economic and social constraints in addition
to the physical laws of the universe. State DOTs frequently
sponsor studies in both science and engineering.

Qualitative Versus Quantitative Measures

Qualitative measures are those that can be described in a
meaningful way, yet escape any specific numerical or hier-
archical relativity. Frequently, qualitative measures are
subjective, and a specific measure (e.g., this riding surface
is good) may have a different meaning depending on who
is providing the interpretation. Quantitative measures, on
the other hand, are those that can be assigned some nu-
merical or hierarchical relativity. For example, pavement
condition may be, in part, assigned a quantitative measure
of its ride quality based on the International Roughness In-
dex. There are commonly accepted methods for computing
this index (e.g., ASTM E1926-98, “Standard Practice for
Computing International Roughness Index of Roads from
Longitudinal Profile Measurements”) and the numerical
(quantitative) result is generally perceived to be objective
and understandable among various members of the world-
wide pavement engineering community. However, these
same members might not agree on what a “good” road is.

In general, state DOTs are involved in activities that
lend themselves to the use of these terms and the perform-
ance measurements that are developed should be consistent
with the activities being measured or objectives being sought.

WHAT IS THE GENESIS OF PERFORMANCE MEASURES?

The first performance measure probably dates back to pre-
historic times, where successful performance against the envi-
ronment resulted in survival. The recent attention to perform-
ance measures in government agencies can be traced back to
the 1980s and early 1990s, culminating with the passage of
GPRA. The reasons for the attention to performance are
many, and they can be tied to at least the following topics.

Possible Outcomes from RD&T Efforts

RD&T efforts may provide many outcomes that are con-
sidered useful to both the DOT and the traveling public.
Among these, the following are often cited as important
“results” from research activities:

e Cost and resource (energy) savings,
e Innovations,

e Improved safety, and
e Improved customer satisfaction.

Performance measures allow for a quantification of
these results, a comparison of current activity to past or
planned activity, and a basis for reporting successes to cus-
tomers and others.

There are other ways of thinking about outcomes from
R&D; for example, the following are perceived to be four
impacts of R&D (J. McEntire, U.S.DOT, personal commu-
nication, April 27, 2001):

e Creation of public goods,

e Front end activity for capital acquisitions (R&D can
set the stage for good long-term procurements),

e Providing a proper foundation for regulatory re-
quirements and policy, and

e Ensuring knowledge and institution capacity (“human
capital”) to perform.

Again, performance measures provide for the quantifi-
cation of these impacts and help to provide RD&T systems
that continuously improve.

Evolution Within the Transportation Community

Because of the creative nature of research and the genera-
tion of new knowledge, methods, and technologies, RD&T
efforts serve to spur the evolution of the transportation
community. New knowledge or technologies that are useful
become integrated into practice and allow for the overall
improvement of the transportation system or those in-
volved in the operation of the system. Knowledge that
critically analyzes existing technologies or approaches may
result in the early abandonment of such practices, allowing
for reallocation of resources among more promising or
profitable activities within an organization.

Regulatory and Administrative Basis

Regulations and administrative policies typically flow
from the will of the people or from a personal belief. It can
be inferred that the passage of GPRA was a congressional
response to perceptions of the will of the people; that is,
that there should be specified directives on the accountabil-
ity of federal programs. Such codified requirements were
implemented through regulatory channels, and many state
or local agencies adopted such policies (either based on a
belief that it was a good idea or because the local legisla-
ture had enacted similar requirements).

These topics (possible outcomes, evolution of the sys-
tem, and administrative/regulatory basis) all are related to a
perceived benefit from a structured reporting of how pro-



grams are meeting objectives and goals. All three, inde-
pendently and jointly, helped to foster a climate for the ad-
vent of performance measures for RD&T programs.

Background on the Roots of the Current Study

This synthesis arose from discussions and efforts within
TRB committees that deal with the issues of management
of RD&T programs, primarily Committee A5001 on Con-
duct of Research. This committee is comprised of indi-
viduals who perform research, manage research, and use
research results. There was committee cognizance of the
“onslaught” of performance measures in many operating
units within state DOTs, and concurrent recognition that
many research programs were ill-prepared to implement
adequate measures, while other programs were well along
in such implementation. Accordingly, Committee A5001
recommended preparation of a document that could pro-
vide guidance on performance measures for RD&T programs,
providing background information on issues and tools.

SCOPE AND AUDIENCE OF THE REPORT

Public sector transportation RD&T programs recognize the
value of employing performance measures to track the ef-
fectiveness and impact of these research programs. This
synthesis addresses uses of performance measures for
evaluating the effectiveness and impact on transportation
RD&T programs. It is based on a literature review and a
survey of practice, and attempts to address issues such as

e The various kinds of performance measurements be-
ing used,

e How they are developed,

e How effective the measures are in evaluating individ-
ual RD&T transportation programs,

e The commonality of measures across various pro-
grams, and

e Best practices.

It is important to note that this document is intended to
assess what is currently available regarding performance
measures—it is not the intent of this synthesis to develop
or recommend specific performance measures to fill gaps
in existing practice. However, the document does contain

recommendations related to work needed to fill in such
gaps in the future.

The synthesis is targeted to managers of RD&T pro-
grams, as well as others who are interested in assessing the
performance of such programs. It is written to provide a
background on performance measurements, some specifics
about actual measures in use, and to indicate some recom-
mendations for additional work in the area. The synthesis
serves as a tightly focused companion document to
NCHRP Synthesis 238 (2).

REPORT ORGANIZATION

This synthesis is divided into several chapters, some of
which may be read independently of others.

e Chapter 1 introduces the topic of performance meas-
ures, identifying what they are and some of the com-
mon terminology.

e Chapter 2 provides some specific history on perform-
ance measures for RD&T programs, with clear indi-
cations of the lack of readily available information,
whereas chapter 3 provides some background infor-
mation related to issues surrounding performance
measurement. For some readers, this latter chapter
may serve as a primer on performance measurement
concepts.

e Chapters 4-7 address performance measures for
RD&T programs in state DOTs, federal and quasi-
federal agencies, the private sector, and academia.
These chapters provide the basis for comparison and
contrast among these four realms, and provide indica-
tions of the linkage and disconnects that exist.

e Chapter 8 provides a summary of commonalities
among the groups noted in the preceding four chap-
ters, whereas chapter 9 presents conclusions based on
the information reviewed for the synthesis and rec-
ommendations for future activities.

e Finally, references and appendixes are provided that
indicate the sources of information, present question-
naires and tabulated responses, and illustrate other in-
formation noted in the text.



CHAPTER TWO

HISTORY AND PURPOSE OF PERFORMANCE MEASURES FOR RD&T

PROGRAMS

As mentioned previously, performance measures have been
used in some form for a long time. However, it has been in
the last 10 to 15 years that the topic has gained substantial
notoriety. Discussed here are some of the historical aspects
of performance measures in general, with special attention
paid to those of RD&T programs, and some discussions of
their purpose. For a more complete background on per-
formance measures for state DOTs, information is avail-
able in several recently published sources (2, 5, 7-9).
Much of the information related to performance meas-
ures in general is also relevant to RD&T programs in
particular.

PERFORMANCE MEASURES AS A MEANS FOR
IMPROVING AND JUSTIFYING PROGRAMS

Success of an RD&T program depends substantially on
perceived value to the agency as a whole and on account-
ability. Simply put, a program that is vital and robust will
typically be perceived as an asset, and one that is languish-
ing may be perceived as worthless, or even worse, a bur-
den to the rest of the agency. The question becomes, How
does a research manager know if his or her program is ro-
bust or languishing? Given the challenges of measuring the
payoff from research and the limited resources available to
many programs, the answer often lies in the perceptions of
the research manager. A program that can obtain objective
evidence to indicate how well it is performing may be well
ahead of the norm and can institute remedial actions if
problems exist. Accordingly, a system of measures, and
goals or benchmarks for those measures, becomes clearly
desirable for providing sustainability and long-term im-
provement to the program.

In addition, operating units throughout many state agen-
cies are continuously being asked to document their value
to the agency. For many units, such documentation is
handy and well understood by upper management. For ex-
ample, a CEO can appreciate when told that 90 percent of
the design projects targeted for bidding have been com-
pleted on schedule. However, the same CEO may not un-
derstand the ramifications, good or bad, to the agency’s
overall mission when the research manager reports that
four reports have been published and one set of standard
specifications has been revised based on the results of a re-
cent project. This is not peculiar to CEOs—many research-
ers and research managers grapple with the same issue!

At the national level, entire technology transfer program
strategies have been investigated, with the purpose of pro-
viding overall improvement at a program- or agency-wide
level. Such issues are discussed in TRB Special Report
256: Managing Technology Transfer: A Strategy for the
Federal Highway Administration (10).

In academia, R&D programs also look for constant im-
provement and justification. Frequently, program improve-
ments result in increased funding from sponsors, and funding
level is one performance measure used at research universi-
ties. Often, academic research can be in an area whose impor-
tance may not be known to the general research community,
and an associated lack of appreciation for that research area
can occur. However, such programs historically have been
able to point to sustained and often high levels of funding that
“prove” their worth to the unknowing outsider.

PERFORMANCE MEASURES IN OTHER ASPECTS OF
DOTS AND AGENCIES

The history and purpose of performance measurements in
DOT units other than RD&T has been treated comprehen-
sively elsewhere (2) and is not repeated here. However,
there is a family of other (non-DOT) agencies that have
historically struggled with the issue of performance as-
sessment—departments of education (state, local, or na-
tional). Considering that educational efforts in many ways
mimic R&D efforts and are very closely aligned with tech-
nology transfer concerns in DOTs, it is clear that the his-
torical path taken in the educational arena should be con-
sidered. Several reports and other documentation are
available on the subject, providing background on past ac-
tivities and on the relevant issues related to educational as-
sessment (//—13). Most of these reports address the issue
of the difficulty in quantifying the output from the educa-
tional process and the difficulty in evaluating such a large-
scale operation. (This can be viewed as “On a one-to-ten
scale, how does one gauge how well educated a student has
become?” or “How can one system be applicable to mil-
lions of students in millions of different learning situa-
tions?”) Of particular relevance are those performance
measures in the “educational realm” that concern libraries,
because the library function of an RD&T program (provid-
ing a storehouse of documentation, providing assistance
with searches for information, etc.) is often one of the
measures used by customers of the research program.



REGULATORY AND ADMINISTRATIVE BASIS

The Government Performance and Results Act of 1993,
which stemmed from a tide of local and national discus-
sions, both formal and informal, on the need for quantita-
tive monitoring of activities to help provide both credibil-
ity and budgeting assistance, is probably the most well-
known legal basis for today’s work at national and state
levels. GPRA presents requirements related to strategic
planning and performance-based budgeting, and reporting
requirements for performance.

IMPACTS OF PERFORMANCE MEASURES

Performance measures in RD&T programs can have sev-
eral impacts, some of which are described in chapter 4 in a
discussion of state practice. Impacts come under two broad
categories: impacts on the programs and impacts on the
transportation system. The existence of performance
measures can affect programs in a positive or negative
manner, especially as relates to the key program attributes
identified in NCHRP Synthesis 280 (5): a foundation of
trust, bold marketing, ties to economics, unabashed deal
making, accountability, inclusion of policy research, and
staff empowerment. Having defensible performance meas-
ures, coupled with realistic goals, can provide, for exam-
ple, instant credibility in the program and unquestioned ac-
countability. Similarly, a robust RD&T program usually
has, as an ultimate goal, the desire to have a positive and
noticeable impact on the transportation system at large.
When performance measures are in place that increase the
likelihood, on average, of a specific project being completed
on time, on budget, and providing the type of result that the
customer requires, then the likelihood also increases, on aver-
age, that the transportation system will be enhanced by the re-
search results. It is important to note that these two types of
impacts are very different and may even be at odds with each
other. Attempts to force on-time performance of research at
the expense of quality may result in one performance meas-
ure that indicates program success, whereas another may
indicate little or no improvement to the overall transporta-
tion system. Accordingly, performance measures must be
balanced between these sometimes competing areas.

CASE STUDY—A SAMPLE PERFORMANCE MEASURE:
MARYLAND STATE HIGHWAY ADMINISTRATION

Because performance measures can be relatively new to
many state agencies, it may be useful to consider a specific

performance measure in use at one state DOT. This helps
to set the stage for the discussion of issues surrounding the
development and implementation of performance measures
that are described in the following chapter.

In August 2000, the Maryland State Highway Admini-
stration (SHA) developed performance measures for its
RD&T programs. Several relate to key performance areas
(KPAs) in Maryland SHA'’s business plan and include:

Mobility

Highway safety

System preservation
Economic development
Community enhancement
Environmental responsibility
Customer service

Resource management.

The SHA identified the following performance
measures to track how the research program is meeting
benchmarks and assisting with the overall mission of the
agency.

e Percentage of research projects that can be applied to
one of the KPAs noted above,

e Percentage of research projects for which benefits can
be documented (a large percentage of projects with
undocumentable benefits may be deemed undesirable
for the program), and

e Quantify how research pays off.

Several things are noteworthy about the choice of these
particular performance measures. First, they have all been
tied to the strategic goals of the overall agency (through
their relation to the KPAs). This helps to ensure that there
is upper management support for and an appreciation of
the performance measures. Second, the information being
tracked is quantitative. Some of it may be objective (e.g.,
the first measure), whereas some may be somewhat subjec-
tive (e.g., the last). However, in all cases, an attempt is
made to provide quantitative information that can be com-
pared on a year-to-year basis or to make future adjust-
ments. Finally, it is worth noting that these measures are
not necessarily revolutionary! Indeed, this type of informa-
tion may have been tracked, in one form or another, for
years. However, it is clear that the SHA RD&T program
has not chosen to pursue all of the possible measures re-
lated to the KPAs. Thus, they have presumably searched
out the most significant matters and come up with a man-
ageable number of items to track.
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CHAPTER THREE

ISSUES

When embarking on an effort to develop or improve per-
formance measures within an RD&T program, several is-
sues must be considered. Although many may regard the
following items as obvious, a clear understanding of them
and their relationships to research programs is an essential
step on the path toward successful implementation of per-
formance measures.

DEFINING PERFORMANCE

Performance is defined as the execution of required func-
tions. However, for RD&T programs, there are real ques-
tions related to the quality and extent of the execution, and
what the required functions are or should be. Hence, there
is an implicit reference to the manner in which actions are
carried out that complicates matters. Many activities and
processes, expectations, and perceptions as to outcomes
exist. Accordingly, one of the first things that a research
program must grapple with is its own definition of per-
formance.

In general, it is best if performance is strongly related to
the strategic goals of the transportation agency. Thus, it
may be premature for a program to establish performance
measures if the agency has no overall strategic plan in
place. However, definitions of performance should not be
tied solely to strategic goals. Why is this so? Consider the
number of different strategic directions that agencies may
take with each new administration or CEO. If performance
were tied solely to current strategic goals, and then the
goals change, it would be difficult to monitor performance
over the long term. Accordingly, performance in areas
aligned with the strategic plan of the agency, as well as re-
search programs, should also be studied in areas that are
considered to be stable through changes in upper manage-
ment, to ensure that the areas of stability become part of
the strategic goals of the agency.

WHAT SHOULD BE MEASURED?

Research units are typically concerned with at least five ar-
eas of activity.

e Project selection

¢ Project management

e Post-project implementation
o Staff productivity

e Program benefits.

Typically, measures should focus on these items, because
success in these activities tends to result in overall program
success.

It may sound simplistic, but it is essential that programs
only attempt to measure the measurable. If an agency has
no clear understanding of what constitutes the quality of a
project or a program, then there is little sense in measuring
for it. Similarly, agencies should only measure a manage-
able number of the most important issues. Too frequently,
managers or researchers are tempted to collect all the data
possible and then sort out the important items later. Re-
search managers should remember that any activity, be it
for project management, program management and evalua-
tion, or otherwise, requires staff resources. Any efforts to
collect data on performance will take away time available
for the day-to-day operation of the RD&T unit. Accord-
ingly, care should be exercised in determining what or how
much data are to be collected and analyzed.

Data to be measured should be data that are known or
strongly suspected to have a significant impact on per-
formance. Many research managers are familiar with mul-
tivariate functions and performing sensitivity analyses to
determine the correlation of the outcome to each of the in-
put variables. Performance measures operate in much the
same way—it may be possible to track 10 items, but if 2 of
those items account for 95 percent of the performance re-
sults, then one must question the usefulness of tracking the
rest. The difficulty arises from determining or sensing
which are the critical items to track.

By tracking few but substantial data, it is also simpler to
initiate remedial actions when required and to obtain a
good understanding of the ramifications. Again, if man-
agement policy is compared to multivariate mathematics,
consider these two functions

F1(x1, X3) = 5x,% + 3x, + 0.4
F2(x1, X3, X3, X4, X5) = 6x,° — 2.1x," — 3x3* — 400x, — 0.05x5
where x; = measurable parameters for the RD&T unit.
The research manager can clearly get a better under-

standing of the behavior of his or her corporate unit from
the F1 function than from the F2 function. If performance



can be significantly and accurately tracked with the sim-
pler function, it may be more desirable, even if the more
complex function provides a slightly more refined and pre-
cise result.

The previous discussion centers on measuring informa-
tion that is useful based on a management science or logic
approach. However, there is another area of information
that may be worth measuring, depending on a particular
agency’s operating environment—measures based on po-
litical realities and upper management desires.

Results from the questionnaire conducted for this pro-
ject, discussed in the next chapter, indicate that CEOs fre-
quently measure the RD&T unit’s performance based on
measures other than those used by the unit itself. Some-
times it is not clear that the upper management measures
are truly indicative of performance, but if the CEO needs
certain information upon which to make judgments, that
information probably should be collected to ensure the
credibility and vitality of the program. It is possible that
some research managers have never asked their upper
management the simple question: “What is the one thing
that my unit can tell you that will most help you to judge our
performance?” That one thing may or may not match the re-
search manager’s beliefs as to what is important, but it is es-
sential that strong consideration be given to collection and
reporting of information deemed important by the CEO.

HOW CAN IT BE MEASURED?

Once a determination has been made regarding what to
measure, the next question becomes “How will I measure
it?” Considering the types of measures and methods of
measurement helps to answer this question.

A comprehensive discussion on measuring performance
that is useful and easy to understand is provided by Brown
(14). This book describes the characteristics of an effective
measurement system as including

¢ A low number of key measures,

e Measures that reflect both past performance and are
able to address current and probable future performance,

e Measures must be reviewed and modified on a regu-
lar basis to reflect changes in the environment or in
the agency’s strategy, and

e That care should be taken in setting targets for each
measure.

The book also discusses the flaws that are typical in meas-
urement systems, including

e Too many measures are included,
e The focus is on solely short-term issues,
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e The use of measures focusing on behavior instead of
outcomes, and

e The use of measures that discourage teamwork (for
example, measures that address individual goals and
benchmarks that might not result in synergy or
agency-wide improvement).

For types of measures, there are at least two groupings to
consider.

e Direct measures versus indirect measures and
e (Qualitative versus quantitative measures.

Direct measures are those that provide an explicit indi-
cation of the status of an item or datum. For example, if
“percentage of on-time project completion” is an important
performance measure, a direct measurement is possible by
comparing the number of projects completed on schedule
with the total number of projects. Indirect measures, on the
other hand, provide a surrogate representation of the status
of an item. Although direct measures are preferable, they
are sometimes nonexistent or very expensive or difficult to
determine, and indirect measures must suffice. An example
of an indirect measurement in a research program may be
the tracking of anecdotal compliments about specific pro-
jects from RD&T customers as a measurement of program
success or quality. Compliments do not define success or
quality, but it is fair to say that the existence of a prepon-
derance of compliments suggests or implies success.

Qualitative and quantitative measures were previously
defined in chapter 1. Generally, for management purposes,
quantitative measures are preferred, because of their port-
ability and understandability among various reviewers of
information. However, there are cases for which quantita-
tive measures are difficult or expensive to obtain, and
qualitative measures provide reasonable guidance regard-
ing a program’s effectiveness or success.

Care must be taken to not mistake a qualitative measure
for a quantitative measure simply because the qualitative
measure has a number associated with it. For example, dur-
ing the project selection process, many state DOTs rank the
desirability of specific projects based on their likelihood of
success. Although one state may rank the likelihood of the
success of proposed projects as “low,” “medium,” and
“high,” another state may use a numerical system and rank
the same projects on a scale of 1 to 3. The substitution of a
number for a phrase does not make a measure quantitative.
It is the subjectivity of a measure that makes it qualitative.
If an agency could assign objectively determined rankings
of likelihood of success, then the same 1, 2, or 3 above
could be a quantitative measure.

Usually, quantitative measures can stand up to some use
of statistical and mathematical analyses. This is much
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harder and possibly inappropriate to do with qualitative
measures, although newer analytical techniques, such as
fuzzy set theory, are making it easier.

It is important to note that just because qualitative
measures are sometimes not preferable, this does not mean
that they should not be employed. If a particular indicator
has a strong correlation to performance, and if that indica-
tor can only be tracked using qualitative methods, then it
should be part of the evaluation process.

There are also specific methods for measurement that
are frequently employed by research agencies and these
can generally be categorized as follows:

Database methods
Personal assessment
Peer assessment
User/client surveys.

Database methods are those methods that use tabulation
and structured organization of numerical data. Such meth-
ods are commonly used in all facets of DOT operations,
including in the research unit. Such methods are especially
useful when the data are collected for general management
reasons or as a matter of course. An example of a database
method was described previously—tracking on-time per-
formance. Most programs track the proposed schedules for
projects against actual progress. Frequently, this is a quan-
titative measure that can be expressed in binary form (on
schedule or over schedule) or as a percentage (e.g., com-
pletion at 95 percent of proposed, completion at 122 per-
cent of proposed, etc.). Database methods are also fre-
quently used for post-project implementation, although it
may be in a simple binary format (e.g., “The results were
incorporated into the standard specifications” or “The re-
sults were not used”).

Personal assessment relates to the efforts of a single in-
dividual in evaluating an item and assigning a quantitative
or qualitative measure to it. Although not all DOTs operate
in this manner, several perform cost-benefit analyses of
projects based on personal assessment. An individual, usu-
ally a research staff member, determines the overall costs
of a specific project (this is often simplified to the contract
cost for those agencies performing contract research) and
estimates the benefits that result from the implementation
of the project results or from the use of the knowledge ob-
tained from the research. Although the staff member may
get assistance from others in trying to estimate benefits,
and although the staff member may use a prescribed meth-
odology (such as that used by New York State), the final
tally is typically a reflection of the work of a single person.

Personal assessment is a very common method to use
for qualitative measures, because of its relative ease and

usefulness. For example, in its periodic reports to its spon-
sors, the NCHRP provides a qualitative estimate of the
probability of success of each project (low, fair, good, etc.).
Although NCHRP staff base their decisions on common
elements (past successes of the research contractor, per-
ceived difficulty of the project, etc.), there is not a “level
playing field” among staff for assigning a probability for
success. However, the lack of equity among the ratings
does not result in any significant problem, because the
probability of success rating is qualitative information for
the sponsors and is not an essential measure used regularly
in any decision making for the program (although it could
theoretically be used as a foundation for cutting off future
sponsorship).

Peer assessment uses the input from multiple persons to
come up with a final average or consensus measurement.
Peer assessment is very useful when one is dealing with
qualitative measures for which there may be wide varia-
tions in ratings from one individual to another. It benefits
to a degree from the same concept as Gaussian distribu-
tions and the Law of Large Numbers—that is, in a large
group of well-informed individuals, ratings on a particular
item will tend toward a real mean, even with significant
outliers. That is to say, in a group of 100 people, there will
be some common ground among the group as to what con-
stitutes a ranking of fair, good, or excellent. Although the
perceptions may vary slightly among many in the group,
and may vary significantly for a few, there exists a useful
“herd mentality.”

Peer assessment, sometimes referred to as expert re-
view, is considered the most effective means of evaluating
federally funded research programs, according to a 1999
report from the Committee on Science, Engineering, and
Public Policy of the National Research Council (/5). [This
point was reinforced in the 2001 follow-up report (8)].
Peer assessment gained great notoriety and respect with the
advent of the FHWA’s “Peer Exchanges” of RD&T pro-
grams for state DOTs that receive State Planning and Re-
search (SPR) funds. Under the Peer Exchange program,
various issues affecting performance are considered and
commented on by an objective peer group (comprised of
staff from other state DOTs, the FHWA, academia, and
elsewhere), and documented findings and recommenda-
tions are supplied to the RD&T unit. The objective is not a
formal audit or assessment by the external parties, but in-
stead an open dialogue and exchange of information.
Nonetheless, the exchanges serve as a de facto assessment,
albeit without some of the concerns that might accompany
a formal audit process. State research managers were very
sensitive to the need for an open exchange of information
and ideas without the characteristics of an assessment. The
peer assessments have been so successful that, frequently,
the results of the Peer Exchange are immediately conveyed to
upper management for consideration. At national meetings,



the usefulness of the Peer Exchange process for RD&T
units has been stated many times. The national Local
Technical Assistance Program (LTAP) leadership has re-
cently embraced the Peer Exchange concept for use in
LTAP and T applications as well.

User/client surveys typically are formal processes in
which a questionnaire is used to solicit feedback from
those parties that work with the research unit. These forms
are usually easy to administer and can provide good anec-
dotal information (they are good at providing qualitative
information, but less so at quantitative). Such anecdotal in-
formation is often useful for sharing later with government
officials or decision makers. User/client surveys often
serve a secondary purpose as well—they are marketing and
promotional tools for the RD&T unit.

COMMONALITIES AND DIFFERENCES AMONG
MEASURES FOR RD&T

In general, research for this synthesis focused on R&D
programs, with some attention paid to technology transfer
functions in government agencies. Common among all
three functions (RD&T transfer) is the notion that some of
the results are simply very hard to measure in comparison
to the functions performed by other units within a state
DOT. Dollars (costs, benefits, or some ratio thereof) can be
a useful, but not completely satisfactory, measuring stick.
The number of projects completed, which can be a signifi-
cant indicator of performance for, say, a construction unit
in a DOT, in which project quality is relatively uniform,
may have little reflection on the true contribution or suc-
cess of the RD&T unit. Accordingly, all three functions
must deal with a fuzzier world than their companion oper-
ating units.

The three functions also share an important but often
underrecognized common outcome that must be meas-
ured—the development of the next generation of the trans-
portation work force. Through contract research at univer-
sities, state DOTs are exposing students to specific and
applied problems in the transportation world, and thus are
influencing their potential career paths and their knowl-
edge base about transportation systems. Similarly, through
training programs, technology transfer efforts are improv-
ing and extending the understanding of existing transporta-
tion professionals.

The three functions also have significant differences,
among which are federally mandated reporting require-
ments (possibly performance measures)—the accountabil-
ity requirements for R&D under the federal SPR program
differ from those of the LTAP programs. Because the func-
tions must keep track of these performance requirements
(see the previously discussed political realities and upper
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management desires), they, by necessity, must look at spe-
cific measures not shared by the other functions. Also, it
must be recognized that in many states the LTAP function
does not reside in the state DOT; accordingly, a mixture of
issues for state RD&T programs that also provide technol-
ogy transfer (often through implementation of research re-
sults) exists.

In addition, the outputs of the three functions are quite
different. R&D may result in hard, tangible products (e.g.,
a new construction specification or a new bridge inspection
instrument), whereas technology transfer generally influences
only a person’s thinking or manual skills. These are disparate
outputs requiring different performance measures.

COST OF INFORMATION

If obtaining and analyzing information to gauge perform-
ance did not require reallocation of limited resources, then
tracking “everything under the sun” might not be a horren-
dous idea. However, RD&T units are under the same pres-
sures as other DOT units, especially in the last decade, to
do more with less. Time used by a staff member to collect
or analyze information for evaluating the performance of
the unit is time not available for other, often frontline, ac-
tivities such as project management, project selection, or
post-project implementation. Because there is little point in
evaluating performance if none of the frontline activities
are being done, there is an occasional practice of investing
little to no effort in program evaluation, apparently with
the hope that the competent conduct of the required front-
line work will serve in and of itself as an adequate per-
formance measure.

The last item in the preceding paragraph is a bit of an
exaggeration, but there is an expressed concern among
state agencies about an unwillingness or inability to dis-
patch human resources for program performance evalua-
tion efforts when the unit is already fully engaged in sim-
ply managing its work load. With these scenarios, it is very
important to step back and take a studied approach to the
benefits that may result from paying the costs to obtain in-
formation that might indicate performance levels or trends.
It may be that an adequate, defensible assessment of per-
formance, in terms understandable by the CEO, could re-
sult in additional resources. This is especially true if some
functional relationship between resource availability and
performance level can be established.

There are few resources available that provide good
guidance on the cost of obtaining information. Some anec-
dotal evidence indicates that a single Peer Exchange can be
conducted for approximately $3,000-$7,000 (depending on
the number and location of participants). Information col-
lected using database methods may be inexpensive if the
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current system already tracks such information or if soft-
ware tools for aggregating and analyzing the information
are readily available. The costs of personal assessment
methods depend greatly on the amount of effort required
and the staff compensation rate on a case-by-case basis.

Given the variability in the costs of information, but the
propensity for the cumulative costs to be high, great care
should be given to using performance measures that are
significant but not costly. Once a core group of perform-
ance measures is established, additional measures should
be considered only after a determination that the costs of
the collection of any additional required information will
be outweighed by the usefulness of the information in en-
hancing the RD&T program.
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RELIABILITY OF INFORMATION

The reliability of information or data and its effects on
outputs or outcomes assessment has long been summed
up by the phrase “garbage in, garbage out.” An intricate
analysis using qualitative measures from a personal as-
sessment method may not be a wise combination given
the inherent uncertainty in the inputs. Management ac-
tions based on analyses of performance measures and
benchmarks should be taken with a clear understanding
of potential statistical or other errors in the results. As an
example, consider Figure 1, which shows some arbitrary
data purely for the purposes of illustration. In Figure la,
the average values of some performance measure are
shown as Series 1 and Series 2, a function of overall
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FIGURE 1 Demonstration of data uncertainty on performance measure interpretation.



program resources. Based on a quick scan of this graph, it
would appear that Series 2 has a clearly superior per-
formance level as additional resources are made avail-
able. However, in Figure 1b, error bars are shown with
both series. Although Series 2 still trends higher, the er-
ror bars indicate that Series 2 may actually be a lower
performer than Series 1. Although most RD&T pro-
grams do not perform rigorous statistical analyses of
performance measures, it is extremely important to re-
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member the impact of error (uncertainty), standard de-
viations, and other factors when attempting to graphically
or otherwise portray information.

There is no “silver bullet” when it comes to matching an
appropriate method of measurement to a performance
measure, or when trying to decide which or how much data
to collect. However, consideration of these matters may
help state agencies to avoid some possible pitfalls.
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CHAPTER FOUR

STATE DOT EXPERIENCES

Several state DOTs have been using performance
measures, whether they have labeled them as such or not,
for many years. Others are either only now instituting them
or only just considering their implementation. This chapter
focuses on summarizing the state of the practice among
RD&T programs within the state DOTs. The information
herein is based on personal communications, reports,
presentations at conferences, and, primarily, on the results
of a questionnaire that was distributed in 2000 to state
DOTs. Approximately 60 percent of the states responded,
with varying degrees of specificity in their responses. The
questionnaire was in three parts: a comprehensive
questionnaire to be completed by the RD&T unit, and two
brief questionnaires, one to be completed by upper
management, the other by customers (operating units)
within the DOT. Not all parts were returned by all
agencies. The questionnaires are provided in Appendix A,
and a tabulation of the responses is provided in Appendix
B. It should be noted that many states provided internal
documents, strategic plans, or Peer Exchange reports to
supplement their questionnaire responses, and this
information was used to prepare the discussion that
follows.

Approximately, half of the respondents indicated that
they have no formal performance measures in place. Ac-
cordingly, these respondents strongly affect the perceived
needs of the state DOTs, because they are starting from
scratch. As can be seen from the questionnaire responses, a
few programs have performance measures in place for vir-
tually all functions. However, even these programs indi-
cated needs for improvement for some or all of their per-
formance assessments.

For the RD&T unit, the survey targeted the following
primary concerns attributed to research programs:

Project selection,

Project management,
Post-project implementation,
Staff productivity, and
Program benefits.

The upper management and customer questionnaires
were more global and general, asking respondents about
their perceptions of performance measures for the research
unit, the perceived level of performance of the unit, and the
basis for how they (management or customer) judged the
RD&T program.

Research programs are typically interested in measuring
performance with respect to three global ideals.

e Process management
e Program quality
e Program value.

Historically, RD&T units have focused on process man-
agement, primarily for two reasons: (1) the relative ease
and low cost of focusing on this area, and (2) the match-up
with typical business models in reviewing issues such as
schedule and budget adherence. Moreover, it seems per-
fectly acceptable, and even desirable, to have performance
measures related to process management if the public or
your customer is measuring your unit on process-related
items. In other words, process management may not have a
significant impact on the overall contribution of the re-
search unit’s activities to the DOT’s overall mission, but it
may be considered unavoidable given some public percep-
tions of and concerns about governmental activities.

Process management measures are generally perceived
as not sufficient to completely judge the worth of the re-
search unit. There must be performance measures that ad-
dress program quality (i.e., how “good” is the research, the
staff, the researchers involved? and How meaningful are
the projects that are selected?).

Overall, what many state DOTs appear to be seeking is
an ability to capture, and perhaps measure against bench-
marks, the value of their program. It appears that this can
best be achieved explicitly or implicitly with a combina-
tion of performance measures. Value relies on a combina-
tion of many meaningful variables [i.e., value = f (quality,
cost, time, etc.)], most or all of which should be tracked to
the extent practical.

One example of comprehensive coverage of research
program activities by performance measures is from New
York. Appendix C provides an excerpt from their Technical
Services Division document, “Review of Performance
Measures” (4). It illustrates a structured undertaking re-
garding performance measures. A similar example from the
Utah DOT is also provided. Virginia’s approach to the use
of performance indicators is included as well. As will be
noted, many of the performance indicators selected by Vir-
ginia are quantitative in nature and could lend themselves
to the label of performance measure (indeed, the heading
of the document indicates the term “measures”).



PERCEIVED NEEDS AND PRIORITIES

The questionnaire inquired as to what is currently in use
and what needs exist that are currently not satisfied. Re-
sponses regarding perceived needs and priorities varied
widely, presumably because of the disparity in degrees of
implementation of performance measures among the re-
search programs.

For each function, respondents were asked the reason
that the function was not currently being measured, and
then respondents were asked to identify the primary rea-
son. The following choices were offered:

Performance measurements are not useful,

No acceptable method of measurement exists,

Data are too difficult or costly to obtain,

Perceived payoff from measures are too low,

No “mandate from above” is driving the need to
measure, and

e Other.

Among states not currently measuring certain perform-
ance aspects, the two major program concerns that would
benefit from implementation of performance measures
were program benefits and post-project implementation.
This suggests that if a state DOT is only now attempting to
implement performance measures, strong consideration
should be given to focusing on these two areas.

The reasons for not measuring performance in these
categories were many, but the primary reasons given were
reasonably uniformly spread among no acceptable methods
of measurement exists, data too difficult or costly, and no
mandate from above. These reasons were borne out in fol-
low-up discussions with several of the respondents. For
example, in discussions at the 2000 AASHTO Research
Advisory Committee national meeting in St. Louis, Mis-
souri, many research managers indicated their desire for a
toolbox of proven performance measures that could be
readily applied to their programs—the absence of such a
toolbox was considered a reason for not currently measur-
ing performance.

Some states, such as New York, indicated some satisfac-
tion with their performance measures but a desire to im-
prove on others.

Several of the respondents reported that their staffing
levels or resource allocations were not sufficient to allow
for an appropriate job of data collection and analysis.
There was even sympathy for this among some of the cus-
tomers of state DOTs—more than one customer question-
naire was returned with an unsolicited comment about the
research unit already being spread as thin as can be rea-
sonably sustained, and that committing resources to per-
formance measures might detract from frontline activities.
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A few states (e.g., Louisiana and Virginia) responded
that they are not using formal performance measures, but
instead using indicators. The implication being that at this
time, as a management tool, indicators that can identify
trends may be just as effective, and perhaps more cost-
effective, than detailed measures and benchmarks. This
suggests not only a concern with the cost of data collec-
tion, but also of the appropriateness and availability of ex-
isting performance measurement methodologies.

Regarding a lack of a mandate from above, Delaware
indicated that there appeared to be upper management sat-
isfaction with the program, especially the technology trans-
fer program, and that little or no pressure was being ex-
erted to require performance measurements for the
research program. The LTAP center in Vermont also indi-
cated that it is moving toward performance measures (as
they are discussed and addressed at a national level), but
that requirements beyond those mandated by the FHWA
(regarding the minimum number of training programs to be
held annually, the provision of a newsletter, etc.) were not
being imposed.

Maine had an interesting comment regarding perform-
ance measures for post-project implementation—a view-
point not initially offered by other respondents but con-
curred with by several during follow-up discussions.
Maine noted that there are inherent difficulties in imposing
performance measures on the research unit related to the
actual implementation of a research project, because the
research unit cannot control or require such implementa-
tion, as it is under the purview of the operating unit or cus-
tomer. It is reasonable to infer that there is the occasional
research project that is implementable, but not necessarily
implemented, and that there is a question of the fairness of
holding the research unit up to a benchmark of implemen-
tation without some joint responsibility from the customer
unit. On the other hand, there is general agreement among
research program staff that their project results should gen-
erally be implementable.

CURRENT PRACTICES—PERFORMANCE MEASURES
IN USE

In the order of the extent of current usage, performance
measures have been implemented among RD&T programs
for the following:

Project management
Post-project implementation
Project selection

Program benefits

Staff productivity

Other.

AN

It is interesting to note that post-project implementation
performance measures rank second and yet they are identified
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as an area needing substantial improvement. Also worth
noting is that staff productivity performance measures are
usually agency-wide measures. For example, several re-
spondents indicated that the research staff undergoes the
same type of annual performance evaluation as do staff in
other units. No respondents touted an especially different
or meaningful performance measure developed for staff
productivity. Because almost all agencies have some sort
of staff performance measures through an annual evalua-
tion, the questionnaire responses may be misleading with
regard to extent of usage. It seems safe to assume that
measures of staff productivity, although probably qualita-
tive instead of quantitative, are in widespread use among
state DOTs.

What was clear from the results of the questionnaire is
that there are few established benchmarks or goals set for
performance measures. This may be because of their rela-
tive newness or it may indicate a lack of satisfaction with
the performance measures themselves. Where benchmarks
are set (either formally or informally), it is also clear that
many states take no remedial actions if measures fall below
these benchmarks. Although this has no effect on their util-
ity as information providers to the research manager, it
does raise questions regarding their usefulness as a man-
agement tool.

In the following sections, the actual performance meas-
ures reported to be in use by states are discussed, presented
in the order in which they were covered in the question-
naire. Not all adhere to the strict definition of performance
measures (some are closer to performance indicators), but
they are described to provide useful information.

It should be noted that many respondents indicated that
their performance measurements are described in their
program’s transportation research manual. Accordingly,
these manuals may be a source of additional useful infor-
mation for the interested reader.

Performance Measures for Project Selection

There were three types of performance measures used,
with two of them being very similar. California mentioned
cost-benefit analyses (presumably estimates) as a measure
for tracking effectiveness in the project selection process.
California establishes benefits compatible with issues of
high importance to the DOT. The California Department of
Transportation (Caltrans) has a Research Program Advisors
Council that reviews the annual slate of projects, which
serves to ensure that the selection process meets a qualita-
tive benchmark. Caltrans indicated that they are looking
for an improved method to address project selection
evaluation. They also initiate a remedial action if project
selection does not meet a qualitative benchmark; namely,

project leaders are advised of ways to improve the pro-
posed projects in the future. This is an activity that is
common to most research units in state DOTs.

The other two methods described were qualitative
alignment of proposed projects with the agency’s strategic
plan (Colorado) and peer assessment methods (Connecti-
cut, Minnesota, Pennsylvania, and Utah). Implicit in the
latter group is that the peer assessment of proposed pro-
jects considers the strategic directions of the agency. Penn-
sylvania also makes use of a customer service index (CSI)
card to provide a measurement of how well it is providing
the products that are needed. However, the CSI card is
generalized—it is not focused specifically on project selec-
tion. Nonetheless, such a feedback system should provide
qualitative, anecdotal feedback regarding project selection
over multiple years, especially if the program is operating
at extremes (providing either “all the perfect projects” or
“programming none of the needed projects”). The CSI card
is shown in Figure 2.

It is not clear from the information gathered as to how
in-depth the “needs assessment” efforts of state DOTs were
compared to their efforts on actual project prioritization.

Performance Measures for Project Management

Approximately one-third of responding agencies indicated
having implemented one or more performance measures
related to project management, with many being quantita-
tive in nature. Again, this seems logical, because project
management has long required tracking and benchmarking
to be effective; long before the term performance measure
came into vogue. Essentially, most programs are measuring
timeliness (adherence to schedule) and funding (adherence
to budget), with the project-by-project benchmark often
being the original research contract or project proposal.
These are typically being assessed using database methods,
and the frequency of measurement is divided into two time
periods (with a few exceptions): quarterly and annually.

When asked why these items were measured, varied and
useful responses were obtained. Several states (Colorado,
Maryland, Minnesota, and Michigan) use timeliness and
budget adherence as indirect measures of program and pro-
ject quality. New York noted that tracking these measures
helps to provide information on whether the researchers
are doing a good job of planning the research projects. This
is an interesting observation in that it provides a measure
that could be used to judge the accuracy of future propos-
als from a specific researcher, and it could be used to pro-
vide feedback to the researcher if, for example, the re-
searcher’s work were chronically behind schedule. New
York commented that it sees delays in the research as not
stemming from poor planning or because of legitimate,
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Dear Customer:

(excellent) to “E” (failure).

A B

What product or service did we deliver to you?

As part of our efforts to improve our customer service, we would like your honest appraisal
of the product and/or service you received. Please take a moment to “grade” us from “A”

4 40 4a 4a 4

D E

If we did not merit an “A” from you, what can we do better?

Name: (Optional)

Thank you
Thomas TenEyck, P.E., Director
Bureau of Planning and Research

FIGURE 2 PennDOT'’s customer service index card.

unforeseen delays during experimentation, instead, delays
result from failing to consider the effects that new, and as
yet, unprogrammed research priorities have on project
schedules.

Wyoming noted (and many other agencies probably
concur) that they perform qualitative measurements of
these matters because the accountability, credibility, and
viability of the research program requires at least reason-
able adherence to original schedules and funding levels.
These are some of the issues described in NCHRP Synthe-
sis 280 (5). It appears to be working, as Wyoming indi-
cated that it is satisfied with this performance measure.

The schedule and funding benchmarks are typically set
in one of two ways. The classic way is the schedule and
budget established in the research proposal. These become
contractual items entered into the database, and progress
reports from the contractor provide data for comparison to
original estimates. Some states arrive at the final schedule
and budget through a negotiation phase between the re-
search unit (sometimes in conjunction with a technical ad-
visory committee) and the researcher.

There is general satisfaction among respondents regard-
ing the performance measures in use, whereas at the same
time there was a general sense that researchers’ adherence
to budget is not much of a problem, but adherence to
schedule is. When the benchmark for a measure is ex-
ceeded (such as when a researcher is late), most agencies
take some corrective action. This corrective action is usually

no more serious than notifying the Principal Investigator of
the sponsor’s awareness of being late. It is clear from dis-
cussions among most research sponsors (state, national,
and private) that this is a firmly entrenched culture. Most
researchers appear to realize that it is difficult if not impos-
sible for a sponsor to provide additional funding (except
for unforeseen conditions or for an alteration in the scope
of work), but that most sponsors are able, although reti-
cent, to provide no-cost time extensions on research con-
tracts.

Performance Measures for Post-Project Implementation

Approximately 25 percent of the respondents indicated that
they have a performance measure in place for post-project
implementation. Although some were described as quanti-
tative, all rely somewhat on qualitative information. Min-
nesota uses a binary process, in which a “closeout memo”
is generated after research results are implemented, and the
memo is signed by the supporting office director (for the
unit that is a client for the research). Accordingly, by tracking
the status of closeout memos, Minnesota DOT (MnDOT) can
address how well it is getting research results into practice. At
the same time as implementation is noted, attempts are made
to define the benefits from the research.

In the mid-1990s, the Delaware Transportation Institute
(DTT), which performs much of the research for the Dela-
ware DOT, was initiating a similar system. The premise
was similar to that of the MnDOT—at the conclusion of a
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project, a form would be generated that would require the
attention of the director of the operating unit that was a cli-
ent for a specific research project. The director, based on
input from staff, the researcher, and the research unit,
would be required to make a formal decision on the status
of the implementation of the research results. That decision
could include any of the following:

e Research results implemented (and how),

e Research results considered implementable but not
implemented (and why),

e Additional R&D required to make results implementable,

e Research results not appropriate for implementation
but information of other use (this would cover those
useful research projects that discovered that the DOT
should not change a specific practice or not use a spe-
cific new technology or product), and

e Research results not useful or implementable.

Unfortunately, a formal system was not successfully
implemented within the DTI structure, primarily because
of a lack of a significant champion for the process and be-
cause of a scarcity of available time for consideration of
some research results. However, such a system, in a man-
ner similar to that of the MnDOT, helps to make the dis-
tinction between the research unit providing results that are
implementable (somewhat under the control of the RD&T
program) and those that are actually implemented (fre-
quently out of the hands of the program).

The Texas DOT (TxDOT) is in the unusual position of
having the state legislature dictate its performance meas-
urement system in this category. The TxDOT evaluates the
percent and number of researcher recommendations that
are implemented within 2 years of project completion.
Goals/benchmarks for this measure are prescribed by the
state legislature, but there are no specific actions triggered
if performance does not meet the stated goals. The meas-
ures are conducted to determine if research results are im-
plementable and how successful the TxDOT is at imple-
menting new products and processes (although there is no
way to distinguish whether the research results met the first
criterion but failed at the state implementation level). Texas
is generally pleased with the approach, but noted that they
are trying to change one measure to “percentage of prod-
ucts resulting from research that are implemented within
two years.” Texas also has a form that denotes how imple-
mentation will occur for research results called the “Im-
plementation Plan and Recommendation.”

Performance Measures for Program-Level Staff
Productivity

The questionnaire results may be somewhat misleading re-
garding the existence of performance measures for staff

productivity, because many states have agency-wide em-
ployee performance evaluation procedures in place, and
these often address the issue of productivity.

However, several states did indicate the difficulty of
adequately measuring the productivity of research staff,
given that there are no production units (such as, say, num-
ber of design projects completed per year) that lend them-
selves well to such measures. California noted its difficulty
in this area, reporting that no good method had yet been
developed. In many cases, the measures were extremely
qualitative, with the benchmarks even more so. Utah
probably spoke on behalf of many agencies when it re-
sponded that its benchmarks for performance measurement
in this category were an “educated guess.”

Several states did indicate that there were specific ac-
tions triggered if performance measures did not meet
benchmarks. This characteristic sets this category apart
from several others, in which no actions were triggered if
performance was below or exceeded benchmark levels.
The specific action most commonly triggered by substan-
dard performance was that the employee(s) involved re-
ceives a subpar performance evaluation. A smaller subset
of respondents also indicated that an employee would re-
ceive a correspondingly high rating if benchmarks were
exceeded.

Colorado indicated that it is generally not satisfied with
the current performance measures, and the belief (perhaps
hope) that actual performance relative to benchmarks
might someday be rewarded or penalized under a merit pay
system.

Performance Measures for Program-Level Benefits

Program-level benefits are often the most important issue a
research manager can point to when confronted with the
problem of justifying the existence of or investment in the
RD&T unit. Accordingly, the need and desire for good
methodologies and appropriate performance measures for
program-level benefits are compelling. Unfortunately, with
the exception of a handful of examples, very few programs
have satisfactory performance measures in place.

The leading performance measure in use is cost-benefit
ratio, although its application is not consistent from agency
to agency. Cost-benefit ratio has the attractive characteris-
tic of being understandable to people outside of the re-
search unit (especially CEOs), of being a similar measure
used by other operating units (some planning departments
use cost-benefit approaches to make go/no-go recommen-
dations during project development), and at least part of
the measure (cost) is reasonably obtained with little special
effort.



The fundamental problem with the approach is the es-
tablishment of dollar amounts for benefits (especially those
associated with savings) or establishing benefits when they
are not easily converted to a dollar basis (e.g., environ-
mental improvements). The reasons for the difficulty are
many and some are noted here.

e Often, researchers are assigned the task of establish-
ing the benefits, yet they are removed from the im-
plementation and day-to-day understanding of the
real costs and savings of the operating unit.

e Any perceived overestimate or indefensible estimate
of the benefits of the research program can instantly
ruin the entire program’s credibility.

e There is no widely used, commonly accepted meth-
odology for assessing project or program benefits,
making it difficult to use any values from previous
similar projects in a state or values from another state.

e The benefits may represent a finite or infinite series
of cost savings or other financial benefit, all of which
must be mathematically equated to a present cost so
that the ratio may be calculated.

e A basis for assigning dollar equivalents is not com-
monly accepted for areas such as enhanced safety or
environmental improvement.

e Estimates provide quasi-quantitative data, yet are
subjective.

e It is hard to capture the true dollar value of politically
important projects.

There appears to be agreement among RD&T units that
cost-benefit ratio is a generally desirable performance
measure, while at the same time there is recognition of the
inherent difficulties in its application. These difficulties are
similar to those found in the realms of pavement and
bridge management systems, where many multiyear opti-
mization programs provide recommendations based on
cost-benefit ratios. However, the cost data (and especially
user costs) and benefits estimates are gross estimates.

Nonetheless, this performance measure is being used ef-
fectively by several agencies, and it is worth consideration
by those agencies struggling to decide what to look at for
program-level evaluation.

Kansas has a simple and straightforward application of
this measure. It is a measure that the upper management at
Kansas DOT (KSDOT) determined was “the most effective
measure of overall performance of the K-TRAN Research
Program.” The benefit of each implemented project is de-
termined, and that value is divided by the total cost of
the program. Kansas has not established any bench-
marks for their benefit-cost ratio, and KSDOT provided
a status report from March 2000, indicating that with 33
projects with research results implemented and 26 projects
with implementation in progress, the following ratios were
calculated:
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e Overall benefit-cost ratio: 15.5:1 (to establish this ra-
tio, the numerator includes the benefits of only pro-
jects with implemented results and those being im-
plemented, and the denominator is the total cost of
the program).

e Benefit-cost ratio on projects with products imple-
mented or being implemented: 26.1:1 (here the de-
nominator is only the cost of projects with imple-
mented results or those being implemented).

The first ratio includes projects that did not result in an im-
plemented product with a determined benefit.

New York takes a somewhat conservative approach to
benefit-cost ratio determination and benchmarking. Its en-
tire process is described in its manual of policies and pro-
cedures (/6). First, New York establishes the overall benefits
from the program in dollars (including capital/operational
savings, user-cost savings, and safety benefits) for com-
pleted projects, and it compares them to total research
costs. Then New York does two interesting things related
to the ratios. First, it establishes a goal of a benefit-cost ra-
tio of 1.0. This may seem very low, but New York notes
that by meeting this benchmark based solely from projects,
the other services provided by the research program (tech-
nical consultation, library/information services) present a
clear picture that the research program is providing value
to the DOT. Second, New York reports benefit-cost ratios
based on a 3-year average. This helps to smooth out spikes
and valleys, which is of particular importance when one
considers that in 1 year, the results of a particularly suc-
cessful project may be implemented, resulting in millions
of dollars in benefits (possibly on a single large-scale con-
struction project). However, it is not reasonable to expect
to have extraordinary projects year in and year out, nor is it
desirable to take remedial actions in a program based on a
single year’s performance. The 3-year averaging is long
enough to smooth out spikes and valleys, yet short enough
to draw attention should any downward trends occur that
require action by management. New York’s benefit-cost
procedure and a sample calculation are presented in Ap-
pendix D. Additional examples are provided in the manual
of policies and procedures, to which the reader is referred
for step-by-step procedures (/6).

Florida’s research program follows requirements for
program-level benefit performance measures that are es-
tablished at a state agency level by the Office of Policy
Planning and Governmental Accountability Transportation
Commission.

The shortcomings of benefit-cost measures, especially
those related to the “fuzziness” of benefit estimating, can
be mitigated through extensive training of personnel and
strict adherence to a procedure such as that used by New
York. This can allow for program evaluation over time;
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however, it will not necessarily lend itself to comparison to
other units within the DOT, nor will it lend itself to com-
parison to other research programs, because not all pro-
grams will be working under the same guidelines.

Instead of the quantitative approach of cost-benefit ra-
tios, some states use qualitative measures that are, in effect,
peer assessments or user/client surveys. For example, Utah
obtains customer feedback through a “letter grading” proc-
ess. They can then compute an average grade point average
on a 4.0 scale that is meaningful to most people. This aver-
age is perhaps especially meaningful to any university re-
searchers performing projects for the DOT. This approach,
although numerical, is only quasi-quantitative—there are
some subjective interpretations required. However, the lim-
ited definitions provided as grade descriptions do force the
rating scheme to be somewhat consistent among personnel.
By providing at least a basic description of what consti-
tutes an “A” project, a “B” project, etc., persons with little
understanding of what “successful” research should be can
understand the process. Although it is not perfect, it does
help different persons to categorize projects similarly, in
much the same way that the condition state language that
bridge inspectors use helps to provide reasonable uniform-
ity among inspectors looking at deteriorated bridges. A
more complete description of Utah’s approach is shown in
Appendix E, where a customer feedback report from Sep-
tember 1998 is provided. A review of this item provides a
sense of the step-by-step process in place for obtaining the
customer’s views on research. Utah also uses a benefit-cost
ratio approach for measuring performance. A report on the
ratios for projects and the program is provided in Appendix
F.

Several of the step-by-step procedures in use by state
DOTs are described in their respective research manuals.
These manuals represent a resource for other state DOTs
that may be looking to develop step-by-step procedures of
their own.

It is worth noting that Florida has recently initiated re-
search that will investigate the costs and benefits of its re-
search projects. The project title is “Review, Analyze and
Develop Benefit Cost/Return on Investment Equations,
Guidelines, and Variables” (Florida DOT’s project refer-
ence number is BC353 RPWO #24). The work is being
undertaken at the University of South Florida’s Center for
Urban Transportation Research.

Performance Measures for Other Aspects of Research
Programs

Several states responded that they use performance meas-
ures to evaluate other functions of the RD&T program.
New York, for example, has measures related to technol-

ogy transfer activities (many other state programs do as
well) and to its technical consultation activities. New York
noted in their response, as did Delaware in a telephone in-
terview, that getting a handle on more than just the amount
of T? activity is desirable. The manager of the Delaware
DOT’s T? Center submitted a research project proposal
several years ago that proposed looking specifically at how
to evaluate the effectiveness of technology transfer activi-
ties (the project was not selected for funding).

As noted previously, Pennsylvania attempts to get a
general measurement of customer satisfaction through a
user/client survey (their CSI). Also, Texas has legislated
performance measures related to the number of research
institutions under contract and the number of projects un-
der contract. However, as with their legislated performance
measures for post-project implementation, there are not
specified goals or remedial actions if benchmarks are not
met.

In a personal interview, the Vermont Agency of Trans-
portation indicated a few performance measures on which
it is working. For example, when a problem arises in an
operating unit that requires technical consultation, the
Vermont RD&T unit wants to be the first group called. Ver-
mont considers meeting this benchmark as a measure of unit
quality. Vermont also noted an interest in setting up perform-
ance measures for assessing levels of institutional knowledge
versus individual knowledge, as indicators of the potential
robustness of programs should retirements occur.

UPPER MANAGEMENT PERCEPTIONS

A separate questionnaire was provided to obtain upper
management perceptions regarding the performance of
RD&T programs. There was a significant response (22
questionnaires returned, or roughly two-thirds of the num-
ber of RD&T program responses), and the responses pro-
vided some insights that may be useful to RD&T program
managers. These responses are tabulated in Appendix B,
after the RD&T program responses.

The first question asked of upper management (fre-
quently a CEO or chief engineer) was whether he or she is
familiar with the performance measures used by the RD&T
program. Approximately one-third indicated that they were
not. Moreover, for those who were familiar with the per-
formance measures, a significant number stated that they
did not use the same measures to judge the program. De-
spite this disconnect in program evaluation, most CEOs
provided a positive qualitative rating (6.8 on a scale of 1 to
10) on the performance of their research program. Most of
the CEOs had performance measures instituted for operat-
ing units in the agency and thus were presumably familiar
with them.



One much targeted question asked was what is the one
most critical piece of information that the CEO needs to
judge the performance of the research program? Although
there were a large number of respondents who focused on
either the cost-benefit ratio of the program or documented
cost savings, there were many who looked for other data
(often quantitative) and many of who centered on assur-
ances that the research results were useful (e.g., percentage
of projects implemented).

Although CEOs are often pressed for time, it would ap-
pear useful for research managers to know the answer to
this question. It appears from the upper management re-
sponses that this is not consistently done.

Illinois indicated that they are changing the perform-
ance measures within the entire agency to be consistent
with the “balanced scorecard” approach, a corporate stra-
tegic action methodology that has gained recent attention.

CUSTOMER PERCEPTIONS

In addition to obtaining upper management perceptions, a
questionnaire was also sent to the customers of the re-
search program within the transportation agency. Although
not all states had customers that responded, some states
had multiple responses. Again, the questionnaire for the
customers is presented in Appendix A, and the responses
are tabulated in Appendix B.

As with upper management, customers were asked
whether they knew how the research program’s perform-
ance was measured. The responses suggest that the cus-
tomers of RD&T do not know and do not care to know
how the program is measured as long is it provides value to
the agency. The customers also provided a generally high
qualitative rating of the research program using a scale of 1
to 10 (overall slightly higher than that reported by the
CEOs), providing an anecdotal measure of their aggregated
performance.

Customers were also asked to specify their biggest need
from the RD&T program. Several provided specific and
detailed responses, and such information is something of
which most research managers are cognizant but probably
should constantly revisit.

One item derived from the customer responses was the
usefulness of the library function of the RD&T program. In
an age where information is required ever more quickly, it
is clear that the operating units within DOTs appreciate the
ability of the research program to be a clearinghouse of
useful information. This issue may be underrecognized by
many research managers, who themselves are adept at
finding information in a timely manner. Interestingly, this
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is an area for which much effort has been placed in the
academic arena when it comes to performance measures,
and there are various standards or procedures in place to
enhance library functions (/2).

Although not part of the questionnaire, an explicit piece of
feedback from customers related to technology training is
whether the technology transfer unit gets “return custom-
ers.” Although not always true, it is a good indicator of a
useful program if units in the DOT consistently send their
employees to training sponsors by the technology transfer
programs in the state.

GAPS (PERCEIVED NEEDS VERSUS PERCEIVED
CURRENT ABILITIES/GOALS)

Based on a review of state practice, there are some evident
gaps between the status quo and the desired state of opera-
tion of RD&T programs.

Before providing specifics, it should be kept in mind
that many state DOTs are only now initiating efforts re-
lated to performance measures. Accordingly, documents
providing substantial background on performance meas-
ures could be a most effective learning tool. However,
the discussion here will focus on specific gaps that re-
quire attention.

Although not specifically reported in questionnaire re-
sponses, there is a desire to be able to aggregate the bene-
fits of research from local to state to national levels. The
most apparent need related to this is the ability to have ap-
ples-to-apples comparisons. The use of dollars would seem
to be best suited for such a comparison. However, it is
clear that there are no standardized, commonly accepted
methods for establishing either the costs or, more dramati-
cally, the benefits from research projects. Although specific
states (e.g., New York) do have defensible methodologies, if
the methods or assumptions vary from state to state, a credi-
ble aggregation of benefits (or an agency-to-agency com-
parison of cost-benefit ratios) cannot be developed.

Regardless of the desire to be able to provide perform-
ance measures that can be accumulated up to the national
level, it is clear that most states are not satisfied with their
cost-benefit approaches. Primarily, concerns center around
the establishment of benefits. The issues with benefits are
many, as noted previously. However, this issue must be
overcome for there to be useful, credible information over
the long term.

Second, alternative performance measures are needed
for program-level benefits. It is clear that not all of the ac-
tivities of the research unit result in value that can be trans-
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lated to dollars. The value in educating the future transpor-
tation work force through participation in research projects
or in technology transfer workshops, for example, is not
easily calculated numerically. Nonetheless, there is consen-
sus that some high value does exist. Qualitative perform-
ance measures that address these benefits are needed.

Strongly related to the issue of benefits calculation is
the need for standardized, commonly accepted perform-
ance measures for post-project implementation. Although
the benchmarks may vary from agency to agency, it may
be very helpful to have established measures used for all
research projects that can provide an objective estimate of
both the implementability of research projects (the respon-
sibility of the RD&T program) and their actual implemen-
tation (a joint responsibility of the RD&T program and the
customer).

Along these lines, methods for assessing benefits that
have traditionally escaped successful conversion to dollar

equivalents are needed. Although some dollar equivalents
may be available (e.g., user costs associated with pavement
smoothness or traffic congestion that are part of many
pavement management systems), they are not universally
accepted. This is especially true for issues such as reducing
traffic fatalities, where assigning the “value” of human life
may be contentious, even if one uses values provided by
analyzing payouts resulting from lawsuits instead of inter-
jecting any subjective opinions. Another result from re-
search that would benefit from a “dollar-conversion” ap-
proach or a method for capturing value in non-dollar form
is enhancement or improvement of the pollution condition
resulting from transportation activities.

It is worth noting that whereas many planning activities
include cost estimates for construction projects to address
improved pavement performance, reduced congestion, etc.,
it is not clear that the very same dollar values are used in
calculating benefits from research that affect those very
same areas.
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OTHER PUBLIC AND QUASI-PUBLIC AGENCIES

Because of GPRA’s direct influence on federal agencies,
there has been a tremendous amount of work at the na-
tional level reviewing what GPRA means to federal agen-
cies individually and collectively. Two reports of the Na-
tional Research Council looked at the issues of evaluating
federal research programs (/5) and implementing GPRA
(8). Several of the conclusions and recommendations are
noted here, but the reader is referred to the complete re-
ports for additional information. Specifics regarding GPRA
requirements are provided in the document, OMB Circular
A-11, Part 2, Preparation and Submission of Strategic
Plans, Annual Performance Plans, and Annual Program
Performance Reports.

Regarding the basic issue of evaluation, the first report
(15) provides the following conclusions:

e Both applied and basic research programs supported
by the federal government can be evaluated meaning-
fully on a regular basis.

e Agencies should match evaluation techniques with
the character of their research, taking into account
timescales, measurable characteristics, and other
items.

e Expert review (quality review, relevance review, and
benchmarking) is the most effective means of evalu-
ating these programs.

e A continuing supply of well-educated and well-
trained scientists and engineers is needed by the na-
tion.

e Current (as of 1999) approaches for coordinating re-
search programs in multiple agencies with overlap-
ping concerns are insufficient.

e The development of effective methods for evaluating
and reporting performance requires input from ex-
perts in the field.

The report also provides the following recommendations:

e Research programs should be described in strategic
and performance plans.

e For applied research, agencies should measure pro-
gress toward practical outcomes.

e For basic research, items such as leadership, rele-
vance, and quality should be assessed.

e Measurement approaches should not be misused (e.g.,
basic research should not be evaluated relative to
short-term relevancy).

e Guidance should be developed to assist in undertak-
ing expert reviews.

e Strategic plans should address the issue of maintain-
ing human resource capacities in fields related to their
mission.

e Processes to coordinate overlapping research among
multiple agencies should be developed.

e The science and engineering community should play
a major role in the implementation of GPRA.

Although targeted at federal agencies, much of this infor-
mation is pertinent to state and other research programs as
well.

A later report (8), published in 2001, focused on the im-
plementation of GPRA among the five federal agencies
that provide most of the federal funding for research [Na-
tional Science Foundation (NSF), National Institutes of
Health, Department of Defense (DOD), Department of En-
ergy (DOE), and National Aeronautics and Space Admini-
stration (NASA)]. Some of the significant findings are
noted as follows:

e The agencies had made a good faith effort to comply
with GPRA;

e Agencies are using GPRA to improve their opera-
tions;

e Reviews by panels of experts have proven to be the
most effective technique for evaluating performance;

e Agencies receive differing messages about the de-
sired format, content, and procedures to be used re-
lated to GPRA; and

e The use of GPRA results to assist programmatic deci-
sion making is not clear.

This conclusion can raise concerns. There is frequently
a skepticism that develops within an agency or program if
it believes it is being asked to perform routines or provide
information, yet that information is perceived to be disre-
garded during the decision-making process.

Two recommendations from the report are worth noting:

e Federally supported basic and applied research pro-
grams should be evaluated regularly through expert
review.

e More work on the validation and verification of per-
formance measurement methods is needed.
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Again, these recommendations are readily transferable to
the state DOT community.

U.S. DEPARTMENT OF TRANSPORTATION

The federal agency with the most profound impact on state
DOTs is the U.S. Department of Transportation
(U.S.DOT), and at the next level of specialization, the
FHWA. The U.S.DOT and FHWA have undertaken efforts
related to performance measures for years. It is especially
worth noting that the “coordination” activities recom-
mended by the National Research Council reports (8,15)
have been fostered by the Research and Technology Coor-
dination Council (RTCC), which is administered by TRB.
In addition, the DOT Performance Measures Working
Group of the RTCC developed a guidelines document, Set-
ting Goals and Measuring Performance for Transportation
Research and Technology Programs (17) in January 1998,
to assist organizations in the U.S.DOT with meeting GPRA
requirements. An illustrative example from this document
is presented in Appendix G.

In May 1999, the U.S.DOT released its Research and
Development Plan (18). This document, in addition to ad-
dressing overall strategies for R&D, includes the chapter
“Measuring Success,” which provides background on
GPRA and the U.S.DOT’s approach to compliance. Most
importantly, it includes some possible performance meas-
ures (see Table 1), as well as some possible measures to be
used on specific research efforts, including

e percent improvement in accuracy (e.g., in measure-

ment, prediction, and analysis),
e percent improvement in maintainability,

TABLE 1

e percent improvement in reliability (e.g., of systems,
components, predictions),

percent increase in capacity,

percent increase in energy efficiency,

percent increase in speed,

percent increase in strength (e.g., for new structural
materials),

percent reduction in emissions or waste products, and
e percent reduction in life-cycle costs.

The U.S.DOT’s strategies have been refined, and the
goals have been described more explicitly, in a second edi-
tion of the Research and Development Plan (19) published
in 2000. Chapter VIII of the updated document, “Measur-
ing the Success of Transportation R&D Investments,” pro-
vides a useful and detailed account of U.S.DOT activities
related to performance measurements.

Work is also underway at the John A. Volpe National
Transportation Systems Center on performance measures
for transportation R&D. In a presentation at the 2000
AASHTO National Research Advisory Committee (RAC)
meeting and a subsequent related paper (20), James L.
Poage addresses a framework for performance measures
for transportation R&D programs. He divides the issue into
two parts: technical measures (impacts, benefits, costs of
R&D) and programmatic measures (schedule and cost ad-
herence, etc.). He notes that “performance measures should
have characteristics that make them useful for decision-
making, actions, and communication with stakeholders.”
The characteristics that he addresses include those

e Driven by decision maker and stakeholder needs,
e Easily understood by decision makers and stake-
holders,

SUGGESTED IMPACT-BASED PERFORMANCE MEASURES FOR TRANSPORTATION (/8)

Strategic Goal

Impact-Based Performance Measure

Safety

e Reduce speeding-related fatalities 5% by 2000.

o Reduce alcohol-related traffic fatalities from 17,000 (1996) to 11,000 (2005).
e Reduce motorcycle-related fatalities and injuries 5% by 2000.

e Reduce highway fatalities and injuries 20% by 2008.

e Reduce child occupant fatalities 15% by 2000 and 20% by 2005.

Mobility
within 10 years.

e Provide access to transportation services for all segments of the population

Economic Growth and Trade e Double the dollar value of transportation-related exports (vehicles, systems, and
technologies) within 10 years and triple within 20 years.

Reduce the cost to transport goods and freight by at least 25% within 10 years

and 50% within 20 years.

Reduce the time to transport goods and freight by at least 25% within 10 years

and 50% within 20 years.
Human and Natural Environment e Reduce transportation vehicle emissions by a factor of 3 within 10 years and a
factor of 5 within 20 years.

Reduce the noise of future transportation vehicles compared to today’s inventory

by a factor of 2 within 10 years and a factor of 4 within 20 years.

National Security

Decrease transportation service disruptions due to natural disasters, terrorism,

system failure, or other causes by a factor of 5 within 10 years and a factor of 10

within 20 years.




e Reflecting goals and critical success factors of the
organization,

e Limited to a critical few, and

e Cost-effective and easy to collect and calculate.

At the FHWA level, much work is also ongoing related
to performance measure implementation. The FHWA RD&T
unit has developed a workable framework for performance
measurement that uses the Baldridge Criteria, which provides
a systems perspective for understanding performance man-
agement, and aligns with overall agency goals. Work is un-
derway to develop measures of business results to compli-
ment the process-oriented measures that are in place.

In addition, a working paper dated June 28, 2000, “Pro-
gram Evaluation in FHWA, a New Technique,” developed
by Clara Conner of FHWA, outlines some thoughts on per-
formance evaluation. This paper focuses on assessing the
impact/payoff from an investment in resources. Some of
the themes expressed in the paper include

e Objectivity of observation;

e Completeness, reliability, and integrity of data and in-
formation; and

e Use of evaluation teams and peer agreement on find-
ings and recommendations.

The paper goes on to note the value in having a system-
atic, FHWA-wide approach to identifying candidate pro-
grams for evaluation and ensuring that programs are evalu-
ated in an objective, organization-neutral manner. This
work would be continuously reflected in the FHWA Per-
formance Plan for fiscal year budgets.

The FHWA is also focusing on performance measures
related to the partnerships between the FHWA and the state
DOTs (personal communication, Connie Yew, April 27,
2001). A report (“FHWA-State Partnership Task Force:
Partnership Performance Measures”) is being finalized that
is related to the Baldridge Criteria for excellence. The re-
port includes the following three key elements related to
partnering:

e Program delivery by the FHWA,

e Technical innovation and deployment (including a re-
view of 17 sample technologies that had FHWA and
state partnership efforts in deployment), and

e National strategic directions.

The report attempts to determine if the FHWA and state
DOTs have similar perceptions on partnering efforts re-
lated to technology. For technology deployment and part-
nering, the FHWA has found that timely response (typi-
cally within 1 to 2 days) to state DOTs is a key criterion.
Accordingly, timely response may be an appropriate per-
formance measure worth tracking.
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NATIONAL COOPERATIVE HIGHWAY RESEARCH
PROGRAM

NCHRP, which acts as the research arm of AASHTO and
is administered by TRB, has long been viewed as a suc-
cessful, high-quality program. NCHRP has not instituted
formal, quantitative performance measurements for pro-
gram-level benefits, although many of the project-level
management performance measurements noted in chapter
4 are also conducted by NCHRP. However, NCHRP does
have a formal process for collecting and reporting anecdo-
tal and other evidence of program effectiveness. In its peri-
odic status report to sponsors, NCHRP maintains a table of
reported uses of its research results, especially uses (such
as adoption of recommended specifications) by sponsors
and other public agencies. Some of these uses are discov-
ered through serendipity by NCHRP staff, but the reporting
of such anecdotal evidence of quality and effectiveness is
considered essential to the long-term success of NCHRP.
This philosophy is well aligned with the thoughts ex-
pressed by Thomas B. Deen, former Executive Director of
TRB, at the 2000 National RAC meeting: “Good anecdotes
are better than the best benefit-cost data in the world.”
(This opinion, although held by some, runs contrary to
some of the opinions or information derived from ques-
tionnaire results and discussions related to this synthesis.)

NCHRP also prepares a similar document for use on
special occasions, such as the annual meeting of the
AASHTO Standing Committee on Research. It is during
this meeting that NCHRP is formally reviewed by its spon-
sors. In the early 1990s, NCHRP Director Robert J. Reilly
instructed NCHRP staff to update a comprehensive table of
research outcomes that had specifically addressed
AASHTO committee or member department concerns or
needs. This table provides an up-to-date, one-stop-
shopping answer to the question “What have you done for
me lately?” Most of the entries indicate the research pro-
ject that produced results, the type of result that was pro-
vided (e.g., recommended design specifications), the for-
mal action that occurred (e.g., adoption of the
specifications by an AASHTO subcommittee), and the
party that benefited (e.g., the AASHTO Highway Sub-
committee on Bridges and Structures).

At the 2000 National RAC meeting, the Director of the
New York RD&T program referred to these very useful
approaches as “defensive performance measures.” By us-
ing these approaches, the unit is able to defend its funding,
credibility, accountability, and other resources when con-
fronted about unit activities by upper management, by op-
erating units within the state DOT, or elsewhere.

Although there is no specified benchmark for the num-
ber of new entries that should be provided annually, there
is a general understanding among staff, and an expectation
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among sponsors of NCHRP, that the program will continue
to provide useful, readily implementable research results
that are of significant value to AASHTO and its member
departments.

NCHRP also assesses its performance regarding its
processes using survey instruments. For example, the pan-
els that guide NCHRP projects are surveyed three times,
covering the project development phase, the active re-
search period (where panel feedback serves to help assess
actual versus planned progress), and at a post-project time
approximately 4 years after the panel has been disbanded.
Respondents are specifically asked to comment on the use-
fulness of implementation of the research project.

NATIONAL SCIENCE FOUNDATION

In a document available from its website, “Assessing Funda-
mental Science” (http://www.nsf.gov/sbe/srs/ostp/access/
nstcafsk.htm), the NSF presents an interesting approach to
the measurement of performance. NSF funds both basic
and applied research, and its efforts are credited with some
of the long-term scientific and engineering breakthroughs
that have had meaningful impacts in the transportation
community and elsewhere. These breakthroughs are some-
times so significant that they alter our standard way of per-
forming research.

The document discusses the paradigm shift that oc-
curred based on breakthroughs in computer simulations.
Historically, fluid dynamics, and specifically aeronautics,
relied on experimentation. However, it was simply not fea-
sible to perform certain experiments that were considered
essential to our understanding of, for example, the heating
effects of manned vehicles entering the earth’s atmosphere.
However, over time, these “experiments” could be per-
formed reliably and credibly using computer simulations.
As the document describes, the result “was that the space
shuttle flew without ever being tested in reentry.”

The report provides additional demonstrations of how
computer simulation has changed the paradigm of ongoing
or planned experimentation (e.g., galactic science, full-
scale nuclear testing). The paper also concedes that the
paradigm shift has not been complete, noting that drug de-
sign is still based “primarily on the experience of the scien-
tist and on [traditional countertop] experimentation.”

The NSF document makes the point that such paradigm
shifts are an indication of performance. It notes that it is
difficult, if not impossible, to predetermine in which fields
of study a paradigm shift may occur based on the results of
research. This is especially true for basic research. It is also
difficult to place a timescale on the periodicity of such
paradigm shifts, again because of the nature of basic research.

Thus, they are difficult to capture under the moniker of
performance measures. Accordingly, the NSF has adopted
the use of paradigm shifts as an appropriate performance
indicator. Because of the impossibility of forecasting such
shifts, NSF adopts the strategy of looking backward in
time, on a regular basis, to determine what shifts have oc-
curred and when. This will help to determine if the
agency’s performance is minimally effective or successful.
(These two terms are specifically discussed in GPRA—if a
program can meet clear criteria for being categorized as
one with exceptional timescales for payoff, it does not re-
quire performance indicators that are quantifiable and
measurable.) However, the NSF has not yet developed any
methodological guidance regarding this approach.

Such paradigm-shift investigations are similarly avail-
able to state DOTs. The development of computer-aided
design and drafting (CADD) has clearly resulted in a para-
digm shift regarding the way production work is carried
out in the 21st century compared with even the early
1990s. Other such paradigm shifts include the use of reli-
ability theory and limit-states design for structures as a
slowly occurring substitute for traditional allowable stress
design practices. Certainly, the group or groups within an
agency structure that endorsed or promulgated CADD
should get some credit for the eventual paradigm shift that
occurred.

The NSF also plays another role in the advocacy and
promotion of science and engineering in the United
States—that of “enabler” for research institutions to have
adequate facilities for research and experimentation. To
address performance in this area, the NSF chose to look at
the following three measures regarding research facilities
receiving NSF funding:

e Efficiency of operations,

e Effectiveness of operations to the scientific user
community, and

e Effectiveness of activities to the external community.

The basic premise was to “think about performance
measures in terms of percentage change from a baseline.
The baseline number could be different for each facility,
and even measured in different metrics.” Some standardi-
zation was required, however. The first attempts at this
were partially successful, with additional work required on
the concept.

In the academic community, the NSF is well known for
its “project selection” process. The NSF has always em-
braced the concept of peer review. Expert panels review
proposals, either unsolicited or submitted in response to
programmatic and strategic goals of the agency. These
panels provide guidance to the NSF in the project selection
process, recommending the projects that meet various criteria,



such as quality of the proposal, potential payoff from the
research, and human resource development (often meas-
ured as the education of graduate students).

NATIONAL SCIENCE AND TECHNOLOGY COUNCIL

In the late 1990s, the National Science and Technology
Council, which had participation from U.S.DOT, DOD,
DOE, the Department of Commerce, the Environmental
Projection Agency, and NASA, issued four reports related
to transportation technology and research. The reports cut
across agency boundaries.

o Transportation Science and Technology Strategy (21).

o Transportation Technology Plan (22).

e National Transportation Science and Technology
Strategy (23).

e Transportation Strategic Research Plan (1).

The first report presented the national strategy (upon
which performance would be measured in the future),
which was hinged on the following four items:

Strategic planning and assessment,
Strategic partnership initiatives,
Enabling research, and
Transportation education and training.

Under the heading of “enabling research,” the strategy
focused “on the long-term evolution of the future transpor-
tation system” (2/). Six research areas were identified that
required federal support, because it was perceived that any
single private company could not reasonably be expected
to recover investments (and thus it was anticipated that suf-
ficient private sector RD&T response in these areas would
not result).

Human performance and behavior;

Advanced materials;

Computer, information, and communication systems;
Energy and environment;

Sensing and measurement; and

Tools for transportation modeling,
construction.

design, and

Four areas were noted under education and training.

e Introduction of transportation concepts: elementary
and secondary education,

e Vocational and technical training,

e Transportation degree programs: international and
multidisciplinary, and

e Mid-career transportation training.

Goals and benefits of the 10 areas above were devel-
oped, but performance measures were not included in the
strategy report.
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The next report (22) went one step further by prescrib-
ing specific outcomes in various vision areas from the
original document. For example, under the umbrella vision
area of “accessibility for aging and transportation-
disadvantaged populations,” the report specifies a desired
outcome of “deployment of welfare-to-work transportation
strategies in all 50 states by 2003.” Under the vision area
of “transportation and sustainable communities,” a target out-
come is to “minimize the adverse impacts of transportation
projects on wetlands and, where impacts are unavoidable,
replace 1.5 acres of wetlands for every 1 acre affected.”

How closely results come to target outcomes could cer-
tainly be a performance measure, but the report itself does
not address the issue of measuring performance.

The third and fourth documents (23,7) are simply up-
dates of the first, but they include some of the specific out-
come elements (revised as necessary) from the second
document as well. However, they remain relatively silent
on the issue of how to measure performance.

These four documents are critical to the issue of per-
formance measurement, however, because of the previously
stated importance of aligning at least some of an agency’s per-
formance measures with the strategic plan of the agency.

OTHER AGENCIES—INTERNATIONAL

The United States is not alone in its current focus on per-
formance measurements for research programs. In 1996, a
report entitled Performance Evaluation Mechanisms for
Transportation Research Programs was prepared for the
Transportation Association of Canada (24). This document
was a synthesis of practice primarily in Canada, although it
also touched on national U.S. practice (e.g., TRB and
FHWA) as well. The main finding was that “most . . . or-
ganizations are carrying out relatively little formal evalua-
tions of their R&D. Most of the evaluation is conducted at
the beginning of the R&D process . . . [there is] little
evaluation of the R&D after it has been completed.”

Where evaluations were being used to assess perform-
ance, the following categories were noted:

Expert opinion
User/client opinion
Cost-benefit methods
Case studies
Performance indicators.

Although the document had little information readily
implementable regarding performance measures, it does
serve as an excellent primer for any U.S. agency that is
only now embarking on their efforts.



30

The report does describe a system for assigning relative
priorities to broad research fields. The system is used by
the Commonwealth Scientific and Industrial Research Or-
ganization in Australia and is a graphically based system. A
similar system is used by many U.S. researchers as part of
specific research projects when determining where to focus
their research efforts.

Essentially, the method involves assigning a numerical
but qualitative ranking of the attractiveness and feasibil-
ity of various research projects or areas, then graphing
them in two-dimensional space. Areas or projects that
lay furthest from the origin and close to a line represent-
ing a 45 degree angle represent probable good areas for
investment. This technique is shown in Figure 3, which
is a combination of two figures from the Canadian report.

Transpartation

Feasibilicy . Minerals @ "0
T R&D
@
T Environment
@ R&0
L I 1 1 l 1 .
I T T T T T
Attractiveness
F 3
-+ ® Project 2
Feasibilicy |
@ Praject 1
T @ Project 3
1 ! 1 l l L
T

Attractiveness

FIGURE 3 CSIRO project ranking method (24).

The report contains a summary table showing the au-
thor’s perceptions of the applicability to various phases in
the RD&T process. This table is included as Appendix H.
The report also provides some background information on
user/client surveys and on cost-benefit evaluation; how-
ever, this information is very general and provides no de-
tailed discussion in comparison with that provided in Ap-
pendix D.

A recent paper (25) focusing on technology policy de-
scribes some of the tools and methods available for assess-
ing technology programs. The paper includes discussions
of both U.S. and European programs, and its insights into
European programs may be useful to U.S. research manag-
ers. The report stresses the evaluation of the socio-
economic impacts of research in universities and public
laboratories, as well as other issues that are gaining promi-
nence in the United States (e.g., evaluation of collaborative
R&D). The report discusses various earlier studies, and in-
cludes a description of the three-part classification of
evaluation methods.

e “Retrospective, historical tracing of the knowledge
inputs that resulted in specific innovations.

e Measuring research outputs in aggregate form from
particular sets of activities . . . using bibliometrics, ci-
tation accounts, patent counts, compilations of ac-
complishments, and so forth.

e Economic theory/econometric methods employing, as
measures of performance, productivity growth, in-
crease in national income, or improvements in social
welfare as measured by changes in consumer and/or
producer surpluses.”

The report summarizes performance evaluations for
several European organizations or agencies, such as the
Alvey Programme (intended to revitalize the United King-
dom’s information technology sector through RD&T) and
the European Union Framework Programmes (a broad-
based pan-European initiative related to RD&T). One in-
teresting finding noted was the “outcome” of doctoral
training because of European investment in research pro-
jects. This reinforces the theme reported in the United
States of the importance and success of human resource
development as a product of research investment.

The report provides a very high-level discussion of per-
formance evaluation and provides a useful insight for high-
level management or perhaps national or federal agencies.
The information, although interesting, does not seem to
translate directly into tools that can be readily implemented
by state DOTs or other similar research programs.



CHAPTER SIX

PRIVATE SECTOR EXPERIENCES

There has been a long-held suspicion that private sector
RD&T programs must have the most viable and precise
performance measures and measuring methods, because
they are “turning a profit” based on their work. Although
the information collection efforts for this synthesis were
not as successful in the private sector as originally hoped,
it is clear that the suspicion is not necessarily valid. As
there is among public sector agencies, there is variation in
private sector practice, from lack of formal performance
measures to intricate ones.

DIFFERENCES BETWEEN PRIVATE AND PUBLIC
SECTORS

The most, or perhaps only, significant difference between
the private and public sectors is that most performance
measures in the private sector are driven on a dollar basis
(be it cost-benefit, profitability, or whatever). The limited
information reviewed for this synthesis found little empha-
sis being placed on the importance of “developing the next
generation of transportation (or other) professional,”
whereas this is considered a useful and strategic goal in the
public sector. The perceived needs and priorities of the pri-
vate and public sectors are similar when it comes to ac-
countability, credibility, and program justification.

CURRENT PRACTICES—PERFORMANCE MEASURES IN
USE

Current practice in the private sector indicates a range of
activities similar to those in the public sector. Several ex-
amples are discussed here. It is clear that the “silver bullet”
that many in the public sector may be searching for does
not necessarily exist among corporate RD&T programs;
however, there is still meaningful information to be gained
from a review of private sector practices. It is worth noting
that whereas most public sector agencies function in a
world where sharing information, practices, and strategies
is commonplace, the private sector is characterized by
firms that exist across the spectrum, from those that share
in a manner similar to public agencies, to those that share
little or are unresponsive. Given the competitive and fast-
paced nature of private sector business, this should not be
considered a negative characterization, only an indication
of what one has to be prepared for if one attempts to solicit
additional information from corporate interests.
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It is clear that cost-benefit or dollars-based performance
measures are de rigueur in corporate America. R&D in the
private sector is essentially in the same class as venture
capital in general—high risk is assumed, yet high payoff is
expected. Three examples of performance measure uses in
the private sector are described here. As can be seen, the
approaches are not unique to the private sector.

Cost-Benefit Ratios

The General Motors Research Laboratory (GMRL) dem-
onstrates a classic example of the use of cost-benefit per-
formance measures. As described by W. G. Agnew (presen-
tation, 2000 National RAC Conference, St. Louis,
Missouri), GMRL use a measure known as a “harvest ra-
tio” and it is based on

e Projects completed during the 3 previous years (similar
to New York’s time frame);

e Projects with cash benefits over $500,000; and

e Benefits documented by the customer.

In a single snapshot of GMRL activity covering about
1,000 projects

e 76 were promising candidates;
e 16 were documented successes;
— 8 had shown cost savings,
— 4 had resulted in product improvements,
— 3 had resulted in warranty reductions,
— 1 had resulted in quality improvement.

GMRL defines the harvest ratio (/) as follows:
H = (dollar benefits)/(GMRL annual budget)

In the mid-1980s, harvest ratios of around 0.75 were
reported.

GMRL then uses the harvest ratio to calculate a return
on investment. This performance measure is well under-
stood through the corporate management structure of GM.
The calculation of return on investment is shown here.

NPV (1+h)"

=H1- 1

where
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NPV = net present value,
I = investment,
H = harvest ratio = 0.75,
k = discount rate, and
n = number of years.

Setting NPV/I =0

ko = internal rate of return = 72%
(corporate hurdle rate for investment = 15%).

Fluid-Share Approach

A business practice that became attractive with corporate
downsizing can serve as a pseudo-performance measure re-
lated to staff productivity. The practice is called the “fluid
share” in Australia. It is based on the assumption that given
the opportunity work forces will request additional re-
sources (e.g., additional staff) unless there is a direct incen-
tive to each participant to minimize resource use. The
fluid-share concept is based on profit sharing. Suppose that
a program unit has a staff level of 20 persons who share
equally in net profits. Then suppose that a downsizing ef-
fort is desired by management—reducing the staff size to
16 persons without changing the production expectations
(and thus overall profitability resulting from production).
In most cases, members of the 16-person work force would
clamor for additional staff. However, if the work force is
offered a choice—share all the profits among only 16
members or hire an additional one or two staff and then
share the profits among 17 or 18, many work forces will
opt for working at the downsized level. However, this
management style also recognizes that work forces know
their own limitations. If a staff of 16 is insufficient, then
quotas will not be met, with the result that overall profits
for the group are threatened. In such a case, the work force
itself may opt to request additional staff or resources,
knowing that they are, in effect, optimizing individual
profits.

Translation of this practice to a public sector agency is
not simple, but there are potential applications where cer-
tain resource allocations might be made available instead
of profits. How the system optimizes itself could lead to a
performance measurement, perhaps by looking at overall
resource requirements of groups or the agency as a whole.
Many potential pitfalls exist (including infighting for staff
members perceived to be more productive), and thus care-
ful consideration should be given to this idea before it is
pursued in any depth. It is, however, an innovative technique

that includes strategic goals such as empowerment of the
staff that are addressed in NCHRP Synthesis 280 (5).

User/Client Surveys and Peer Assessments

Synthetic Industries (SI) is a manufacturer and distributor
of products that are used both inside and outside of the
transportation industry. For example, they are one of the
largest producers of carpet backing. They are also involved
with geosynthetics and concrete reinforcement. SI aggres-
sively develops and funds ideas that it believes have the
potential to become solutions that can be used by the mar-
ketplace. Its R&D staff includes approximately 20 trained
engineers, whose efforts are tied to the corporate goals of
expanded production, increased sales, tighter efficiencies,
and higher quality products.

Regarding performance measures for quality, SI relies
on internal and academic researchers, as well as obtaining
customer feedback through surveys and focus group sessions.
These performance measures are qualitative, with the bench-
mark being set as “exceeding their expectations.” SI has gen-
erally been satisfied with these performance measures
(personal communication, Karen Baker, May 31, 2001).

Interestingly, SI also touts its role in human resource
development, although it does not measure performance in
that regard. It actively seeks out academic partners for re-
search projects and assists in technology transfer efforts.
As with any private sector activity, however, there are un-
doubtedly some marketing goals that are included in this
function.

Trinity, a manufacturer of roadside safety and other ap-
paratuses, has a straightforward use of de facto customer
assessments to measure the performance of its development
efforts: If a product gets into use, it is considered “quality”
(personal communication, D. Johnson, June 5, 2001).

GAPS

From the limited information available, it appears that the
fundamental gap in knowledge for performance measures
for the private sector mimics one from the public sector:
the quantification of benefits from RD&T efforts for use in
cost-benefit analyses. However, one can surmise that their
benefit data may be somewhat better on average because of
the “hard numbers” with which the customer units deal
every day.



CHAPTER SEVEN

ACADEMIC SECTOR EXPERIENCES

The academic sector provides much of the work force in-
volved in research projects and technology transfer efforts
sponsored by state DOTs and other public and private
agencies. Accordingly, it is worthwhile to investigate how
this sector measures its performance, and to compare and
contrast those measures with those of the sponsors. This
chapter attempts to describe the differences between the
academic and public sectors, define some of the current
measures in use in academia, and provide insights as to
where the two systems are not well aligned.

DIFFERENCES BETWEEN ACADEMIC AND PUBLIC
SECTORS

A primary difference between the academic and public sec-
tors is the nature of what is delivered by each. The public
at large accepts that academic institutions teach and gener-
ate knowledge. They deal in the merchandising of enlight-
enment and intellectualism. The public at large is relatively
unaffected in the short term by successes and failures in
academia. At best, a good academic experience prepares a
student for an enriching career and life. At worst, the stu-
dent has spent some time and money to learn more about
him or herself. The public tends to accept that measuring
the performance of academic institutions is a very difficult
thing to do—they get daily samplings when they read in
the newspaper or see on the television the difficulties of as-
sessing the outcomes of K—12 education. However, K—12
education is something that most people are familiar with,
whereas many have little concept of what constitutes a college
education. Without a firm grasp of what is supposed to be de-
livered, there is little room for criticism. It therefore comes
as no surprise that the primary public criticism of academia
is based on dollars—namely, skyrocketing tuition costs, a
measure that the public understands and appreciates. Accord-
ingly, it should not be surprising that the sensitivity to per-
formance measures within the academic sector differs sub-
stantially and meaningfully from those used in the public or
private sectors, especially when it comes to the various
products or processes being measured.

The public sector, on the other hand, either provides
tangible goods or needed services. The public takes notice
when a road is not built on time, or when some public ser-
vice is not being provided as promised. Although an excep-
tionally small percentage of the public knows how to con-
struct a road, many have an intuitive feeling as to what
needs to be done to build one. This is in direct contrast to
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academia, where the abilities of a professor are sometimes
viewed with “awe” (deserved or not), simply because that
individual holds a doctorate or works in a highly technical
field of study. These differences help to set the stage for
the different performance measures that exist in the aca-
demic versus the public sector.

PERCEIVED NEEDS AND PRIORITIES

To understand the RD&T activities of academia, one must
first consider the broader realm in which academics oper-
ate and the philosophies that many espouse. This includes
views on education in general, as well as their awareness
of outcomes-based evaluation, such as that done for pro-
grams and curricula through the Accreditation Board for
Engineering and Technology. Furthermore, one must rec-
ognize that many, and perhaps most, academics perform
research of some level on a routine basis, although its sig-
nificance in the overall duties of a professor will vary dras-
tically depending on items such as type of institution, posi-
tion in the promotion and development track, etc. In
addition, academics are involved with great frequency in
technology transfer, be it in traditional college courses or
in special workshops or seminars. Thus, almost every as-
pect of their professional lives is related to the subject of
this synthesis.

Academics, in general, are concerned with quality and
productivity. However, the concept of “value” is not fre-
quently coupled with quality. Other than the establishment
of the list of eight schools known as the “Public Ivies”
(public schools that provide an educational and research
experience supposedly on par with the Ivy League institu-
tions), which specifically touts the combination of quality
and lower cost, there is no frequent discussion among col-
lege faculty or administration of the cost-benefits of their
activities.

Academics do tout the benefits of a college education to
students, such as in career earnings increases. However,
rarely is such discussion brought to the level of specific
dollar-related measures of performance for individual
professors.

Thus, the academic world is continually searching for
performance measures that provide a true indication of qual-
ity, but that do not necessarily address the economic con-
straints under which the public or private sector performs.
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CURRENT PRACTICES—PERFORMANCE MEASURES IN
USE

For this synthesis, several academic institutions were con-
tacted to acquire some basic information. Although the
queries were targeted to specific institutions, the following
questions were generally asked; all specifically targeted
toward research activities by faculty:

e What performance measures, if any, does the institu-
tion use to quantitatively track quality and value?

e What performance measures, if any, does the institu-
tion use to qualitatively track quality and value?

e Does the institution have a good idea of the perform-
ance measures that are used by sponsors? (In other
words, do the faculty have a good grasp of how NSF,
DOD, and other research sponsors measure the per-
formance of their research programs?)

e Are there any performance measures typically used in
academia that seem to be in place for historical or
traditional reasons, but are not necessarily good indi-
cators of actual performance?

e [f an institution’s measures indicate that benchmarks
are not being met, is there any plan for corrective ac-
tion to help meet the benchmarks in the future?

Many of the measures used are quantitative and histori-
cal, but questions remain regarding their effectiveness at
assessing performance, especially as it relates to applied
research. Some of these methods are discussed here. The
first few deal with individual performance, whereas the last
is concerned with institutional/organizational performance.
Although many faculty performance evaluation techniques
have been in existence for a long time, it is an area ripe for
research, especially as academia becomes increasingly ex-
posed to calls for accountability. In 1990, an overview of fac-
ulty performance appraisal techniques and research was pre-
pared outlining some new thoughts on faculty evaluation (/3).

Publication Quantity and the Science Citation Index

The generation of scholarly articles has long been known
as one of the key performance indicators for young faculty
or faculty desiring promotion. Even the general public is
familiar with the phrase “publish or perish!” The perform-
ance of faculty members is often largely based on the
number of papers accepted for publication by scholarly
journals. The expectation is that, because of the peer re-
view process typically employed in the acceptance process,
quality and the impact of the work is assumed if publica-
tion is to occur.

Many in the academic community have used a specific
performance measure to address the impact of one’s re-
search output. The Science Citation Index is a database of
journal articles. The philosophy behind the index is that a
relatively small number of journals publish the bulk of
significant scientific results. Accordingly, journals are
ranked (they are given what is sometimes referred to as
“impact factors”) based on their significance, which is
based on peer review, timeliness, and other items. Thus,
to have a paper published in a journal with a high im-
pact factor would potentially be perceived as a higher
level of performance than publishing in a journal with a
low impact factor. (One problem with this is that many
practitioner-oriented transportation-related journals, in-
cluding those of the TRB, have low impact factors, thus
diminishing the incentive for high-quality faculty to pub-
lish in them. This may simply be an issue of academia be-
ing slow to embrace different types of publications that can
still be scholarly, but not in the traditionally accepted
sense.)

Student Evaluations

Many college graduates remember the brief time they
spent each semester evaluating their professors’ perform-
ance. These evaluations can be considered part of the insti-
tutional performance measures for personnel assessment
related to technology transfer, although they are primarily
qualitative (although a numerical score is often provided
instead of such words as good, fair, or poor). The impor-
tance of these evaluations in the promotion and tenure pro-
cess varies, with more importance being placed on them at
so-called teaching institutions in comparison to research
universities. Indeed, the question is often asked if student
evaluations should be discontinued (/3). However, it is
commonly accepted among faculty that while the measure
is flawed at best, it does provide some useful anecdotal in-
formation that can be used to improve a course or delivery
style. Similar evaluations are used when faculty teach
technology transfer courses (such as through workshops) to
practitioners.

Dollars

Many research institutions have a performance measure of
“dollars generated per faculty member.” Few institutions
have established benchmarks (being above the average is,
of course, an often used, self-imposed goal of a professor)
or specific remedial actions that take place if a benchmark
is not met. One problem with this approach is that it is very
insensitive to the costs of performing different types of re-
search. Large-scale experimental research on bridge con-
struction many cost many times that of a transportation
policy study. Thus, in the “dollars generated” column, the



former seems quite impressive. However, the impact from
the less expensive study may far outweigh the bridge study,
and this is not explicitly accounted for in the measure.
Clearly, the consideration of the generation of dollars is not
an outcomes-based approach.

Peer Assessment

One of the performance measures embraced by academics
is peer assessment. This is primarily confined to research
proposals, but also has its place in employment evaluation,
such as in the promotion and tenure process. Peer assess-
ment appears to be the most accepted method for evaluat-
ing quality and importance, and the number of peer-
assessed and funded projects does provide some valid in-
sight as to the quality of the researcher.

It should also be noted that at many institutions, faculty
members are given performance credit for simply submit-
ting a proposal to a sponsor, regardless of its final disposi-
tion. This signifies a significant departure from public or
private sector practice, where some results are required. In
essence, the current practice is like taking home part of a win
just for showing up at a baseball game! However, one must
realize that the writing of proposals is, in effect, a profes-
sional development activity for a professor. Extending
the baseball analogy, one would not expect the typical
player to hit a home run the first time he swings the
bat—the same holds true regarding expectations for
funding the first time a professor writes a proposal. Prac-
tice makes perfect.

Organizational Performance Measures

Although still somewhat insulated from the economic and
political realities faced by the public and private sectors,
there have been increasing calls for accountability in the
academic sector.

In Texas, some performance measures are dictated by
the state legislature. The Texas Transportation Institute
(TTI) prepares an annual report for the legislature that ad-
dresses specified outcome measures, projected perform-
ance related to that measure, and actual performance. If
projections and actuals are significantly different, an ex-
planation of the variance is provided.

Some examples of outcome measures or outputs from
the Annual Report on Measures: Fiscal Year 2000 (26)
include

e Dollar volume of research studies performed,
e Leverage ratio of general revenue appropriations to
total funds,
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e Number of TTI patented safety devices installed,

e Number of students involved in TTI education and
research activities, and

e External dollars brought to the state of Texas.

Vermont Technical College underwent self-examination
with an objective of generating performance measures for
strategic activities and goals at the department and institu-
tional level—these goals are aligned with classroom in-
struction, research, development, and technology trans-
fer roles of faculty. The intention was to generate a
continuous improvement tool based on performance. It
was called the Assessment-Analysis-Adjustment (A-A-
A) program. The effort started with each department de-
termining what performance measures to assess (in one
of the engineering technology curricula, for example,
this included, for those students who chose to take the
exam, the percentage of students who passed the Fun-
damentals of Engineering examination, which is the first
step toward licensure as a professional engineer). Many
additional performance measures were determined by de-
partmental faculty.

The intent was to create a set of benchmarks for each
measure. For the example shown previously, the bench-
mark was to meet or exceed the national average for engi-
neering technology programs. As data were collected each
year, the next step would be to analyze the data and com-
pare them to benchmarks, being cognizant of “noise” in the
system or other external factors that could affect these data.
Finally, decisions are made to adjust the departmental op-
erations to help meet or exceed benchmarks in future
years.

On paper and in theory, the A-A-A program held great
promise. It suffered, however, from the same fate as many
performance-measurement attempts; trying to collect too
much data without sufficient determination of which data
are the most significant. Accordingly, the A-A-A program
is being revised and implemented, with hopes that it will
eventually be more manageable and therefore embraced by
the faculty and college as a whole.

University Transportation Center Performance
Measures

University Transportation Centers (UTCs) are funded by
the U.S.DOT and have research and technology transfer
functions. Reporting requirements for the UTCs are spe-
cifically spelled out (27) and are a contractual matter for
continued funding. Interestingly, the performance indica-
tors (the term used in ref. 27) are quantitative and very
similar to the historical numbers-based evaluations done at
universities. For example, the following are considered
performance indicators for the UTCs, although some of
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them have tenuous ties to the RD&T activities traditionally
seen in government transportation departments:

Number of courses offered;

Number of academic departments offering them;

Number of students completing the courses;

Number of students involved in transportation re-

search projects;

Number of students enrolled;

e Number of students receiving degrees;

e Number of transportation research project proposals
submitted to center;

e Number of transportation research projects awarded
by center;

e Total budgeted costs for those projects;

e Number of individuals listed as principal investiga-
tors in those projects awarded;

e Number of visitors to transportation center website;

e Number of transportation seminars, etc., conducted
for practicing professionals;

e Number of UTC newsletters published;

e Number of peer-reviewed transportation research re-
ports and books published;

e Number of transportation papers accepted for presen-
tation at academic/professional meetings; and

e Number of external awards received for transporta-

tion research.

This list is not exhaustive. It does indicate, with the ex-
ception of the last few entries, that there is little focus on
quality or value of the performance of the UTC, but instead an
assurance that certain levels of activity are maintained. This is
not in and of itself a bad thing. However, it is clearly not suffi-
cient for the long-term improvement of UTCs or for the
comparison of the performance of different UTCs.

To their credit, some UTCs consider the performance
measures shown above to be a baseline and are moving
forward with the development of more quality- and value-
based measures.

Libraries

Except for their location (on an academic campus instead
of in government offices), the issue of the performance of
academic libraries is much the same as for govern-
ment/DOT libraries. As mentioned previously, an out-
standing resource for anyone responsible for the perform-
ance of libraries is Measuring Academic Library
Performance: A Practical Approach (12). This document
was prepared for the Association of College and Research
Libraries and contains a general discussion of library sys-
tems, some user/client satisfaction surveys, facilities usage
rate information, and guidance in analyzing performance
data.

GAPS

With the previous discussion as background, it is now ac-
ceptable to provide some specific examples of practice
with respect to the five questions posed to academic insti-
tutions for this synthesis. The responses help to identify
some gaps requiring additional attention. A review of
these responses makes it clear that there is a disconnect
between the world that the academic researchers and
teachers are working in and that of the state DOT or other
RD&T programs.

e What performance measures, if any, does the institu-
tion use to quantitatively track the quality and value
of the research performed by faculty?

In 2000, the Center for Transportation Research and
Education (CTRE) in Towa indicated that they undertook a
campaign to identify program benefits. Some anecdotal in-
formation was found, but nothing that allowed for quantita-
tive measures. In essence, the best that was achieved was
the ability to “detect success,” but not necessarily to be
able to tabulate it

In an attempt to semi-quantitatively track performance,
CTRE Director Stephen Andrle noted that an indicator of
success is the evolution of research into services. Specifi-
cally, he relayed the story of geographic information sys-
tems (GIS) technology. lTowa DOT funding of research and
development allowed the agency to become involved in
GIS before they were prepared to staff it internally. Now
the ITowa DOT has a competent and growing applications
group in this area. Andrle further noted that if a service be-
comes something that someone will pay for, this is a true
measure of performance.

David Fowler, Director of the International Center for
Aggregates Research (ICAR, a joint venture of the
University of Texas at Austin and Texas A&M University),
noted that ICAR has no formal list of measures. He
indicated the great difficulties in trying to quantify quality,
especially for research whose payoff may not be known for
many years. I[CAR does track some quantitative performance
measures, including number of publications, oral pres-
entations to professional groups, and leveraging of funds.

TTTI has an interesting list of performance measures, in
addition to those prescribed by the state legislature. TTI’s
Director, Herb Richardson, considers repeat business from
sponsors (a likely surrogate measure for quality of the
work performed), research dollars per faculty, economic
benefits from implemented projects, and peer reviews. Al-
though TTI does not have a very structured way of tabulat-
ing these results, they do prepare a series of 1-page docu-
ments called “Returns on Research.” These serve as a kind
of performance measure.



In the College of Engineering at the University of
Delaware, some very traditional performance measures are
used. According to Dean Eric Kaler, the quantitative meas-
ures in place include dollars raised, students educated, pa-
pers published, and the quality or impact of those papers.

e What performance measures, if any, does the institu-
tion use to qualitatively track the quality and value of
the research performed by faculty?

The qualititative measures vary greatly, with “rewards
for excellence” being among them. ICAR noted that cus-
tomer satisfaction is a key qualitative measure, with a state-
ment of “You did a good job” from a sponsor being a mean-
ingful indicator of performance. Other qualitative measures
are similar to those used in DOT RD&T programs.

e Does the institution have a good idea of the perform-
ance measures that are used by the sponsors of re-
search? (In other words, do the faculty have a good
grasp of how NSF, DOD, and other research sponsors
measure the performance of their research programs?).

The overwhelming response to this question is that fac-
ulty members do not know or understand the performance
measures that are used by their sponsors. It is also clear
that a one-time statement regarding what the measures are
is not sufficient. CTRE noted that there are two cultures
clashing: that of client-driven research (e.g., state DOTs)
and that of researcher-driven research. This lack of under-
standing or appreciation on the part of academics is not neces-
sarily a bad thing; that is, it does not fundamentally under-
mine the quality of the research. However, it does probably
have a significant influence on issues such as timeliness of
the research or the need for implementability of the re-
search. Thus, it can affect the value of the research.

This lack of understanding by faculty members rein-
forces the importance of framing research questions in a
way that will most likely be understood. It also suggests
that the question, “Does the complete research address the
customer’s need?” can be part of the formulation of a per-
formance measure.

There were some concerns that the project management
(process management) performance measure reporting re-
quirements sometimes imposed by research sponsors were
so overwhelming and stifling that they adversely affected
the quality of the research and the opportunity for break-
through findings. There seems to be an acceptance of some
levels of accountability, but strong concerns that the Prin-
cipal Investigator’s attention and funding are directed
toward reporting business measures instead of toward the
actual research.

37

e Are there any performance measures typically used in
academia that seem to be in place for historical or
traditional reasons, but are not necessarily good indi-
cators of actual performance?

There is agreement that the number of papers published
alone is not a good metric. Some of the measures used by
transportation center directors at universities are very cli-
ent-oriented. These differ from the historic measures
(number of graduate students, number of papers published,
dollars brought in) that tend to be more strongly embraced
by academic deans at various colleges within an institution.
This disparity in appreciation for types of measures mimics
the disparity in the career paths of these two groups. Center
directors are increasingly non-doctorates who have a long
career in practice, sometimes with a stint as a research
sponsor. Academic deans tend to follow a more traditional
path of professor to department chair to dean. Accordingly,
their measures of research performance align with their life
experiences.

e [f your institution’s measures indicate that research is
not meeting benchmarks, is there any plan for correc-
tive action to help meet the benchmarks in the future?

The typical response is that future funding for specific
faculty is jeopardized, but that no institution-wide meas-
ures are typically initiated.

As one can see, there are significant differences in
perception and practice between those that sponsor the
research and those that perform it in an academic set-
ting. There is frequently a philosophy of either “I am
paying the bills, so the researcher must come around to
my way of thinking” or, alternatively, “I know what is
best for the research, so I will focus on that and tend to
the sponsor’s concerns only if there is time.” Perform-
ance measures that indicate quality and value and that
fall somewhere in the middle are presumably the best
requirement.

Although academic institutions are slow to change, this
does not mean that they will not change. As the world be-
comes more fast-pace, so do they, just as their counterparts in
state RD&T programs. A measured ability to adapt to change
rapidly may be a performance measure of the future for aca-
demic institutions. To quote Graham Wallis, a professor at
the Thayer School of Engineering at Dartmouth College,
who was interviewed in the Spring 2001 issue of the
school’s “Directions” magazine and has overseen (as dean,
senior professor, and in other roles) decades of change at
what is generally perceived to be a responsive institution to
change and sponsor needs, “Running Thayer School was
like driving a sports car as opposed toa bus . ...”
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CHAPTER EIGHT

CONCLUSIONS

Since the publication of the Canadian synthesis, Perform-
ance Evaluation Mechanisms for Transportation Research
Programs in 1996, little has occurred in state DOTs that
had not already embraced performance measures at that
time. Currently, there is an increased interest in and atten-
tion to such measures; however, their use is sporadic and
varies among transportation agencies. There is no com-
monly accepted set of performance measures, either quali-
tative or quantitative, that can be unequivocally recommended
as the baseline set that an organization should institute. Fur-
thermore, although there is a strong desire among many
DOTs to pursue performance measures, there is no uniform
agreement on the need for them. Many DOTs do not have
agency-wide mandates for their implementation. Some
states are experimenting with them as a management tool.

Despite a scarcity of specific information or quantitative
practice on performance measures for research, develop-
ment, and technology (RD&T) programs, a few common
threads run through the experiences of state DOTSs, national
organizations, and the private and academic sectors. These
commonalities hint at the best practices that may be em-
ployed for assessing performance.

o Ties to strategic goals

Most performance measures that appear to be working or
seem satisfactory to the organization using them have ties
either directly or indirectly to the strategic goals of the de-
partment.

e Measures that are understandable to upper management

Upper management is comfortable with concepts such as
cost-benefit ratio or having anecdotal evidence of the qual-
ity and utility of research. Although there exists an aware-
ness of its shortcomings, cost-benefit approaches appear to
be very common and very useful to those organizations
that have implemented them.

e Relative simplicity

Even for those agencies applying benefit-cost ratio ap-
proaches there is relative simplicity and elegance in their
methods. An extremely refined approach is not used where
there is an acceptance of uncertainty in the data (e.g., bene-
fits in dollars). The calculation procedures do not become
overwhelming and thus they become easier to implement
uniformly among staff.

It should come as no surprise that there were no men-
tions of linear regressions, fifth-order equations, multivari-
ate statistical analyses, or similarly high-level functional
operations among those measures that seem to be perform-
ing well.

e (Cost-effectiveness of data

Most organizations seem aware that the use of less but
more significant data is important unless there is apprecia-
ble improvement to the understanding of performance from
the efforts to collect, analyze, and make decisions based on
additional data. Moreover, many organizations make effec-
tive and extensive use of data that they generate for the
standard business operations.

e Utility and usefulness of peer assessment, especially
for qualitative measures

It is clear that among all sectors (more so public and aca-
demic than private), peer assessment is considered a useful
method of performance measure. Although it may not
provide quantitative outputs, it can provide quasi-
quantitative results, because of the averaging effects of
groups of people confronted with normative qualitative
scales. Many organizations that use peer assessment to pro-
vide performance feedback are perceived to be among the
most vital and robust programs—these include the NSF,
NCHRP, and many of the state DOT RD&T programs that
are flourishing.

e Usefulness of the human-resource development com-
ponent of RD&T

Most of the state, federal, private, and academic sector or-
ganizations contacted for this synthesis indicated that hu-
man resource development is a useful and necessary out-
come of RD&T activities. Accordingly, performance
measures that account for this are among the best practices
that can be instituted.

If one looks at the types of performance measures that
are being used, and the comments of those using them or in
search of useful measures, the following additional find-
ings become evident:

e Of all of the functions in RD&T programs, the
strongest need for performance measures seems to be
for program-level benefits.



e Moreover, there is a need for quantitative measures

for program-level benefits that can provide longitudi-
nal information on the performance of a program, as
well as within-agency and agency-to-agency compari-
sons of the research program with other programs.

A close second regarding the need for performance
measures is the area of post-project implementation.
This need seems to have two parts: a measure that in-
dicates how much implementation occurs and a
measure that indicates the payoff from implementa-
tion. Minnesota’s “closeout memo” may serve as a
model for states determining how to best address the
issue of the extent of implementation. Measures of
the payoff from implementation vary greatly and are
not rigorous or robust.

Concerns exist regarding performance measures for
project implementation, given that the actual imple-
mentation of research results can be outside the con-
trol of the RD&T program. There seems to be a de-
sire for two measures related to implementation:
one that indicates whether the research is imple-
mentable and another that indicates whether it was
actually implemented.

Peer or expert dialogues or assessments have been
documented as being among the most effective tools
for evaluating performance. This is stated in national
studies, and the concept has been embraced and
lauded by state DOTs in both the ongoing RD&T
Peer Exchanges (where the focus is on information
exchange and dialogue, not assessment) and the up-
and-coming local technical assistance program
(LTAP) Peer Exchanges. Peer assessment has been
the mainstay of agencies such as the NSF and
NCHRP.

Performance measures that are tied to the strategic
goals of the transportation agency tend to obtain up-
per management support.

Upper management and customers of research pro-
grams are not concerned with how the RD&T pro-
gram measures its performance, but instead focus on
whether the program meets their expectations. A need
exists for enhanced coordination and understanding
between the involved parties.

The library function of the research unit should not be
undervalued; its usefulness is noted by customers of
the research program.
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performance measures; and because embarking on such
implementation can be costly, some conclusions can be
drawn from the information presented herein that may pro-
vide a useful context for considering future actions within
transportation agencies. It may be worthwhile for RD&T
programs to consider these issues as they develop or im-
prove their performance measures, or even make the deci-
sion whether or not to initiate their use.

e Managers of RD&T programs may be most success-
ful by initially developing a limited number of per-
formance measures, focusing on those that both most
strongly indicate performance (quality, productivity,
etc.), while also being cost-effective to implement.

e Consideration should be given to tying performance
measures for RD&T programs to the current strategic
goals of the overall agency, but not exclusively. By
tying such measures to strategic goals, the relevance
of the program becomes more evident to upper man-
agement. However, given that strategic goals
within a department can change with each incom-
ing administration (and even more frequently), the
RD&T program may also require performance meas-
ures that can provide longitudinal indications of how
well the program is working. The RD&T program
may want to work to make these long-term meas-
ures part of the agency’s strategic goals from ad-
ministration to administration.

e Research is needed to provide guidance on the appli-
cation of cost-benefit ratios for assessing program-
level and project-level benefits of research programs.
Such guidance need not be “one size fits all,” but it is
clear that many variations exist among research agen-
cies, with no clear superior method. Special emphasis
could be placed on techniques for estimating benefits
from research that can feed into the cost-benefit
analysis. The use of multiyear averaging to smooth
out spikes and valleys appears to have merit.

e Research should be initiated to address benefits that
are known to be important, but are virtually impossi-
ble to quantify. For example, research could be under-
taken to assess the value of a research project that
shows that a process/technology should not be im-
plemented, because such findings are generally
considered useful. In addition, specific methods for
addressing non-dollar benefits (e.g., safety improve-
ments, environmental enhancements) could be inves-
tigated or developed.

e Managers of RD&T programs may want to embrace

Because of the variations in practice within the United the collection, use, and analysis of anecdotal informa-
States; because of the very different degrees to which tion, or perhaps even the development of full-blown
RD&T programs have studied, developed, or implemented case studies, as a qualitative performance measure.



40

These measures may provide a quantifiable supply of
answers to the question: “What have you done for me
lately?”

Closely aligned with the previous recommendations
is the need for research to develop performance
measures that can be aggregated to various levels and
across state and sector (public, private, academic)
boundaries. To justify expenditures in RD&T activi-
ties in the United States, it is important that credible
assessments of the utility of research activities be
made. Furthermore, it is important that credible
benchmarks be determined that can set the stage for
true enhancements in program management to exceed
those benchmarks.

Research managers may want to consider the devel-
opment of performance measures that address the fol-
lowing fundamental questions:

— Are the research results implementable?
— Have the research results been implemented?

Success with performance measures related to these two
questions will require input from customers, researchers,
and others. These issues should be separated to allow for
customer ownership and responsibility for implementing
research results that are considered implementable. In
many cases, the customer unit may be able to justify addi-
tional resource allocations to overcome the initial barriers
associated with such implementation.

e Research managers may wish to consider perform-

ance measures that relate to the following three pri-
mary concerns of the unit and to the activities re-
quired to improve unit performance over time:

— Process management
— Program quality
— Program value

RD&T programs should remain cognizant of devel-
opments in the education arena for two reasons: (1)
much of their research work force (university

researchers) live their daily lives in this arena, and (2)
education assessment deals with measuring intracta-
ble and intangible outcomes such as “learning.” Ad-
vances in performance measurement techniques in the
realm of education may be readily transferable to
RD&T.

Consideration should be given to the continued de-
velopment of performance measures, such as the efforts
spurred by TRB Committee A5001 (Conduct of Re-
search), for technology transfer that goes beyond the
traditional measurement of extent of activity. Stronger
indications of the effects of training are needed. Efforts
by groups such as TRB Committee A5012 (Technology
Transfer) and the national LTAP organization should
be given full support by member departments (for
those states that have an active role in funding and
guiding LTAP activities) and others (in states that do
not have a state DOT-based LTAP program).

Although potentially difficult to institute within a
state DOT setting, consideration should be given to
the use of NSF’s backward-looking investigation for
paradigm shifts as a critical and strong indicator of
RD&T program performance. Such an approach can
provide a clear signal as to how research affects the
agency.

Finally, research managers and other personnel may
want to consider taking courses on ‘“corporate phys-
ics,” if available. Such courses are often taught at
management-friendly engineering schools or technol-
ogy-friendly business schools. Corporate physics re-
fers to the study of business practices in a quantitative
and scientific way, with many analogies drawn be-
tween the behaviors of social systems (e.g., business
organizations) and their counterparts in the physical
realm (e.g., demonstrations of control strategies that
work for first-order management issues based on the
same mathematical analyses used in first-order physical
systems). These courses can provide additional informa-
tion on performance measurement, the mathematics of
policy and process decisions, and the application of sta-
tistics to quasi-technological systems.



REFERENCES

10.

11.

12.

13.

National Science and Technology Council, Transpor-
tation Strategic Research Plan, Office of Science and
Technology Policy, Cambridge, Mass., 1999.

Poister, T.H., NCHRP Synthesis of Highway Prac-
tice 238: Performance Measurement in State De-
partments of Transportation, Transportation Re-
search Board, National Research Council,
Washington, D.C., 1997.

“Primer on Performance Measurement,” U.S. Office
of Management and Budget, Washington, D.C., 1995.
[Online]. Awvailable: http://www.c3i.0sd.mil/bpr/bpred/
4130.htm.

“Review of Performance Measures,” Operational
Goal 94-8, Technical Services Division, New York
State Department of Transportation, Albany.

Deen, T.B. and B.T. Harder, NCHRP Synthesis of
Highway Practice 280: Seven Keys to Building a Ro-
bust Research Program, Transportation Research
Board, National Research Council, Washington, D.C.,
1999.

Cambridge Systematics, Inc., NCHRP Report 446: A
Guidebook for Performance-Based Planning, Trans-
portation Research Board, National Research Coun-
cil, Washington, D.C., 2000.

Webster's New Collegiate Dictionary, G & C Mer-
riam Co., Springfield, Mass., 1961.

Implementing the Government Performance and Re-
sults Act for Research: A Status Report, Committee
on Science, Engineering, and Public Policy, National
Academy of Sciences, National Academy of Engi-
neering, Institute of Medicine, Washington, D.C.,
2001.

Friedman, M., A Guide to Developing and Using Per-
formance Measures in Results-Based Budgeting, The
Finance Project, Washington, D.C., 1997.

Research and Technology Coordinating Committee,
Special Report 256: Managing Technology Transfer:
A Strategy for the Federal Highway Administration,
Transportation Research Board, National Research
Council, Washington, D.C., 1999.

Phillips, GW., Technical Issues in Large-Scale Per-
formance Assessment, National Center for Education
Statistics, U.S. Department of Education, Washing-
ton, D.C., 1996.

Van House, N.A., B.T. Weil, and C.R. McClure,
Measuring Academic Library Performance: A Practi-
cal Approach, American Library Association, Chi-
cago, I11., 1990.

Gabbin, A.L., S.N. Cairns, and R.L. Benke, Jr., Fac-
ulty Performance Appraisal, Center for Research in
Accounting Education, James Madison University,
Harrisonburg, Va., 1990.

’

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

41

Brown, M.G., Keeping Score: Using the Right Met-
rics to Drive World-Class Performance, Amacon,
New York, N.Y., 1996.

Evaluating Federal Research Programs: Research
and the Government Performance and Results Act,
Committee on Science, Engineering, and Public Pol-
icy, National Academy of Sciences, National Acad-
emy of Engineering, Institute of Medicine, Washing-
ton, D.C., 1999.

A Manual of Policies and Procedures for Operation
of the Transportation Research and Development Bu-
reau, Transportation Research and Development Bu-
reau, New York State Department of Transportation,
Albany, N.Y., 1997.

Setting Goals and Measuring Performance for
Transportation Research and Technology Programs,
Research and Technology Coordinating Council,
Transportation Research Board, National Research
Council, Washington, D.C., 1998.

U.S. Department of Transportations Research and
Development Plan, U.S. Department of Transporta-
tion, Washington, D.C., 1999.

U.S. Department of Transportations Research and
Development Plan, 2nd Ed., U.S. Department of
Transportation, Washington, D.C., 2000.

Poage, J.L., “Developing Actionable Performance
Measures for Government Programs,” Journal of
Cost Management, March/April 2001.

National Science and Technology Council, Transpor-
tation Science and Technology Strategy, Office of Sci-
ence and Technology Policy, Washington, D.C., 1997.
National Science and Technology Council, Transpor-
tation Technology Plan, Office of Science and Tech-
nology Policy, Washington, D.C., 1998.

National Science and Technology Council, National
Transportation Science and Technology Strategy, Of-
fice of Science and Technology Policy, Washington,
D.C., 1999.

Williams, D., Synthesis of Practice No. 4: Perform-
ance Evaluation Mechanisms for Transportation Re-
search Programs, Transportation Association of Can-
ada, Ottawa, 1996.

Georghiou, L. and D. Roessner, “Evaluating Technol-
ogy Programs: Tools and Methods,” Research Policy,
Vol. 29, No. 4, 2000.

Texas Transportation Institute, Annual Report on
Measures: Fiscal Year 2000, Texas A&M University,
College Station, Tex., 2000.

Research and Special Programs Administration, Re-
porting Requirements for University Transportation
Centers (UTCs), U.S. Department of Transportation,
Washington, D.C., 1998.



42

APPENDIX A

Questionnaires
NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM
Project 20-5, Topic 31-04
Performance Measures for Research, Development, and Technology Programs

Questionnaire Sent to State DOT RD&T Programs

Many transportation research, development, and technology (RD&T) programs have recognized the value of using
performance measures to track their effectiveness. This questionnaire is being conducted to gather information for a
synthesis that will document the kinds of performance measures in use, explain how they were developed, describe their
effectiveness, and determine the common themes and best practices among programs.

The information that you supply with this questionnaire will be very helpful in establishing the state of the practice as well
as future needs. Please return your completed questionnaire, along with any supporting documents, by June 30, 2000, to:

Scott A. Sabol

Architectural & Building Engineering Technology Department
Vermont Technical College

PO Box 500, Main Street

Randolph Center, VT 05061

or by FAX to 802-728-1390 (return via mail is preferred)

If you have any questions, please call Scott Sabol at 802-728-1272, or e-mail him at ssabol@ytc.vsc.edu

Below, please provide the information requested for the person completing the questionnaire or whoever should be
contacted to obtain any follow-up information. Several questions are intentionally brief, and information that is more
detailed may be sought through a telephone or e-mail follow-up.

Name:
Title:

Agency/Organization:
Mailing Address:

Telephone: FAX: E-mail:

Thank you for your assistance in completing this questionnaire! Please go to the following page.
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The following explanation of terms may be helpful as you complete the questionnaire:

Performance measure: An objective appraisal, usually quantitative, of something that indicates accomplishment toward a
goal. For example, if a goal is for the research program to complete most projects on or under budget, then a performance
measure for that goal may be “percentage of projects that are completed on or under budget.”
Quantitative: A numeric measure of amount, number, or extent. For example, “75% on-time completion of research
projects” is a quantitative measure.
Qualitative: A non-numeric measure indicating traits, characteristics, or trends. For example, “Identification of high-
priority projects by the research program is judged to be good to very good” is a qualitative measure.
Research: Investigation or study, usually requiring creative thought instead of the application of existing knowledge or
tools. Research is often characterized as basic, applied, or a mixture.
Basic: No definitive final application of the research results is anticipated or guaranteed (the quest for knowledge for
the sake of generating the knowledge, with the hopes of its future usefulness).
Applied: An application of the research results is foreseen, and the anticipated or desired result can often be described
before the research is undertaken or completed.
Development: Advancement or enhancement of an idea or concept, often through creation of a tangible good.
Technology: Equipment, tools, skills, or knowledge, often used to attempt to meet an objective.
Technology transfer: Training, explaining, or enabling others in the use of equipment, tools, skills, or knowledge.
Effectiveness: How useful or helpful something is with respect to meeting a goal.
Efficiency: How quickly or how little effort is required with respect to meeting a goal (Note: a process can be efficient (it
may be simple) but not effective (it may not provide meaningful progress toward meeting the goal)).
Project-level: Information, measurements, characteristics, and similar items that have to do with a specific project. For
example, the on-time completion of a single project, or the cost savings associated with the product of a single project, are
project-level measurements.
Program-level: Information, measurements, characteristics, and similar items related to an operational program as a
whole. For example, the average on-time completion of all projects in a research program is a program-level issue, as
would be the perceived contribution by the research program to a state DOT’s effort to achieve its mission.
Project programming/development: Identifying or scoping an individual RD&T project.
Program development: Identifying the full slate of RD&T projects, plus all other RD&T activities, that define the role
and activities of the RD&T program.

INSTRUCTIONS: Please mark answers as appropriate (e.g., with a checkmark), and/or write in information as
appropriate. You may append additional pages or send supplementary material as well. Please write your
organization/agency name on the top of each page (in case pages from your response get separated).

1. Does your organization have a formal mechanism to measure the performance of its RD&T program?
Yes No

(If your answer is NO, you may skip to Question 4, Page 7)
2. If YES, for which of the following categories do you measure performance?

_ Project selection/programming (how well is the program picking important projects?)

_ Project-level management (are individual projects on time, on budget, and delivering the expected products?)
_ Post-project implementation (are completed projects put to use?)

_ Program-level staff productivity (are the type and amount of results that are expected being produced?)

_ Program-level benefits (what effect is research unit activity having on the transportation system?)

__ Other categories (please describe):
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3. For each category in Question 2 that you do measure, please answer the following questions:
(a) Project selection/programming (Picking the “right” projects to do)
(i) Is the performance measure: _ qualitative? _ quantitative? __ both?

(i1) Is there a written description of the performance measure? ~ Yes _ No
(ii1) How is performance measured? (describe or attach written policy)

(iv) How frequently is performance in this category measured?
__annually _ every project selection cycle  every “X” years, where X =

___other (describe)

(v) Why is this category measured? (why is it important?) (describe)

(vi) How are the goals/benchmarks for performance in this category established?

(vii) How frequently are the performance goals updated?
_annually _ everytwo years _ with every strategic or long-range plan
___other (please describe)

(viii) Are any actions triggered if performance does not meet goals? ~ Yes = No (IMPORTANT NOTE: If
you mark yes here or to similar questions below, Scott Sabol will contact you later for details, or you may send an
attachment that provides additional explanation.)

(ix) Are any actions triggered if performance exceeds goals? ~ Yes ~ No

(x) Is your organization satisfied with the performance measures used for this category? Please describe, and
provide any other comments on project selection/programming.

(b) Project-level management (Arve projects on time, on budget, and delivering the expected products?)

(i) Is the performance measure: qualitative? _ quantitative? __ both?
(ii) Is there a written description of the performance measure? ~ Yes _ No
(ii1) How is performance measured? (describe or attach written policy)

(iv) How frequently is performance of this category measured?
__annually _ every project selection cycle  every “X” years, where X =
___other (describe)

(v) Why is this category measured? (describe)



(vi) How are the goals/benchmarks for performance in this category established?

(vii) How frequently are the performance goals updated?
__annually _ everytwo years _ with every strategic or long-range plan
___ other (please describe)

(viii) Are any actions triggered if performance does not meet goals?  Yes No

(ix) Are any actions triggered if performance exceeds goals? ~ Yes ~ No

(x) Is your organization satisfied with the performance measures used for this category? Please describe and
provide any additional comments on project-level management.

(c) Post-project implementation (Are completed projects put to use?)
(i) Is the performance measure: _ qualitative? _ quantitative? __ both?
(i1) Is there a written description of the performance measure? ~ Yes _ No
(ii1) How is performance measured? (describe or attach written policy)
(iv) How frequently is performance of this category measured?
__annually _ every project selection cycle  every “X” years, where X =

___other (describe)

(v) Why is this category measured? (describe)

(vi) How are the goals/benchmarks for performance in this category established?

(vii) How frequently are the performance goals updated?
_annually  everytwo years  with every strategic or long-range plan
___other (please describe)

(viii) Are any actions triggered if performance does not meet goals?  Yes No

(ix) Are any actions triggered if performance exceeds goals? ~ Yes ~ No

(x) Is your organization satisfied with the performance measures used for this category? Please describe and
provide any additional comments on post-project implementation.
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(d) Program-level staff productivity (Are the type and amount of results that are expected being produced?)
(i) Is the performance measure: _ qualitative? _ quantitative? __ both?

(i1) Is there a written description of the performance measure? ~ Yes _ No
(ii1) How is performance measured? (describe or attach written policy)

(iv) How frequently is performance of this category measured?
__annually _ every project selection cycle  every “X” years, where X =
___other (describe)

(v) Why is this category measured? (describe)

(vi) How are the goals/benchmarks for performance in this category established?

(vii) How frequently are the performance goals updated?
__annually _ everytwo years _ with every strategic or long-range plan
___other (please describe)

(viii) Are any actions triggered if performance does not meet goals? ~ Yes = No

(ix) Are any actions triggered if performance exceeds goals? ~ Yes ~ No

(x) Is your organization satisfied with the performance measures used for this category? Please describe and

provide any other comments on program-level staff productivity.

(e) Program-level benefits (What effect is research unit activity having on the transportation system?)
(i) Is the performance measure: qualitative? _ quantitative? _ both?

(i1) Is there a written description of the performance measure? =~ Yes  No
(ii1) How is performance measured? (describe or attach written policy)

(iv) How frequently is performance of this category measured?
__annually _ every project selection cycle  every “X” years, where X =
_ other (describe)

(v) Why is this category measured? (describe)

(vi) How are the goals/benchmarks for performance in this category established?



(vii) How frequently are the performance goals updated?
__annually _ everytwo years _ with every strategic or long-range plan
___other (please describe)

(viii) Are any actions triggered if performance does not meet goals? ~ Yes = No
(ix) Are any actions triggered if performance exceeds goals?  Yes No

(x) Does your organization select or use performance measures that will assist it in “telling its story?” (That is,
using performance measures to demonstrate the need to have an effective/active research program.)

(xi) Is your organization satisfied with the performance measures used for this category? Please describe and
provide any other comments related to program-level benefits.

(i) Is the performance measure: qualitative? _ quantitative? __ both?
(i1) Is there a written description of the performance measure? ~ Yes  No
(ii1) How is performance measured? (describe or attach written policy)

(iv) How frequently is performance of this category measured?
__annually _ every project selection cycle  every “X” years, where X =
___other (describe)

(v) Why is this category measured? (describe)

(vi) How are the goals/benchmarks for performance in this category established?

(vii) How frequently are the performance goals updated?
_annually  everytwo years  with every strategic or long-range plan
___ other (please describe):

(viii) Are any actions triggered if performance does not meet goals?  Yes No

(ix) Are any actions triggered if performance exceeds goals? ~ Yes ~ No

(x) Is your organization satisfied with the performance measures used for this category? Please describe and
provide any other comments.
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(f) Other category (please describe the category if you complete this section—if none, go to Question 4 on next page):
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4.  Which categories of your program are currently not being measured with respect to performance but you
believe should be? After each that you check, please circle all the applicable reasons from choices
A-F below, then the single primary reason).

__ Project selection/programming  (Circle all applicable reasons: A B C D E Primaryreason: A B C D
__ Project-level management (Circle all applicable reasons: A B C D E Primaryreason:A B C D
__ Post-project implementation (Circle all applicable reasons: A B C D E Primaryreason:A B C D
_ Program-level staff productivity (Circle all applicable reasons: A B C D E Primaryreason: A B C D
__ Program-level benefits (Circle all applicable reasons: A B C D E Primaryreason:A B C D

___ Others (please describe):

A - Performance measurements are not useful

B - No acceptable method of measurement exists

C - Data are too difficult or costly to obtain

D - Perceived payoff from measure too low

E - No “mandate from above” driving the need to measure

F - Other reasons (please describe here, indicating which category you are discussing):

5. Does your organization use performance measures for units other than the research unit?
(e.g., preconstruction, maintenance and operations, planning) Yes No Don’t know

6. If the answer to Question 1 was NO, how does your organization evaluate its effectiveness? Please describe:

esliesiesMiesiles
~— O

7. What is the single most important thing necessary to help you better measure the performance of the research

program?

8. Does your organization differentiate performance measures among research activities, development
activities, and technology (or technology transfer) activities? Yes No

If yes, how?

9. Supporting information:
_ Check here if supporting documentation is being provided with this questionnaire response.
_ Check here if your organization has an organization-wide policy related to performance measures.
_ Check here if you are providing your organization’s most recent “FHWA Peer Exchange” report (this is
encouraged!).

10. Any final comments?

Thank you for completing the questionnaire. Please return your response, preferably by mail instead of FAX, no later

than June 30, 2000 7o the address shown on the first page.



49

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM
Project 20-5, Topic 31-04

Performance Measures for Research, Development, and Technology Programs

SPECIAL QUESTIONNAIRE FOR STATE DOT UPPER MANAGEMENT

Many transportation research, development, and technology (RD&T) programs have recognized the value of using
performance measures to track their effectiveness. A detailed questionnaire has been sent to your agency’s RD&T program
to gather information for a synthesis that will document the kinds of performance measures in use, explain how they were
developed, describe their effectiveness, and determine common themes and best practices among programs. For the
purposes of this questionnaire, the following definition is pertinent:

Performance measure: An objective appraisal, usually quantitative, of something that indicates accomplishment
toward a goal. For example, if a goal is for the research program to complete most projects on or under budget,
then a performance measure for that goal may be “percentage of projects that are completed on or under budget.”

To help to obtain information about upper-management perceptions on the effectiveness of the RD&T program that relate
to performance measures, your input is requested on this brief, two-page questionnaire.

Please return your completed questionnaire by June 30, 2000, along with any supporting documents, to either your RD&T
program manager (who will compile additional parts of the questionnaire and send a coordinated response) or directly to:

Scott A. Sabol

Architectural & Building Engineering Technology Department
Vermont Technical College

PO Box 500, Main Street

Randolph Center, VT 05061

or by FAX to 802-728-1390 (return via mail is preferred)

If you have any questions, please call Scott Sabol at 802-728-1272, or e-mail him at ssabol@ytc.vsc.edu

Below, please provide the information requested for the person completing the questionnaire or whoever should be
contacted to obtain any follow-up information. This special questionnaire should be completed by upper management
within the DOT, preferably at a level that can observe the effects of the RD&T program on the overall transportation
system in your state.

Name:
Title:

Agency/Organization:
Mailing Address:

Telephone: FAX: E-mail:

Thank you for your assistance in completing this questionnaire! Please go to the following page.
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1. Are you familiar with how your RD&T program measures its own performance? Yes No

If yes—please briefly describe how the program measures its performance:

2. Do you measure the RD&T program’s performance in the same manner as it self-evaluates its performance?

~_Yes  No

If No, what items/issues do you track to evaluate the RD&T program?
Do you have goals/benchmarks for the RD&T program to meet? ~ Yes _ No
Are specific actions triggered when goals/benchmarks are met or not met? Yes  No

If yes, what are those actions?

3. On a scale of 1 (low) to 10 (high), circle the number that best matches your perception of the RD&T program’s
effectiveness at improving transportation within your state (through cost savings, improved safety, discovery
of innovative practices, etc.):

1 2 3 4 5 6 7 8 9 10

4. What is the most critical information that the RD&T program can provide you with as a measure of its
effectiveness?

5. Does your agency use quantifiable performance measures for units other than the RD&T program?

If Yes, which units? (e.g., construction, maintenance, planning)

Thank you for completing the questionnaire. Please return your response, preferably by mail instead of FAX, no later
than June 30, 2000 to the address shown on the first page.
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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM
Project 20-5, Topic 31-04

Performance Measures for Research, Development, and Technology Programs

SPECIAL QUESTIONNAIRE FOR RESEARCH PROGRAM CUSTOMERS

Many transportation research, development, and technology (RD&T) programs have recognized the value of using
performance measures to track their effectiveness. A detailed questionnaire has been sent to your agency’s RD&T program
to gather information for a synthesis that will document the kinds of performance measures in use, explain how they were
developed, describe their effectiveness, and determine common themes and best practices among programs. For the
purposes of this questionnaire, the following definition is pertinent:

Performance measure: An objective appraisal, usually quantitative, of something that indicates accomplishment
toward a goal. For example, if a goal is for the research program to complete most projects on or under budget, then a
performance measure for that goal may be “percentage of projects that are completed on or under budget.”

To help to obtain information about perceptions on the effectiveness of the RD&T program among the customers of the
research program, your input is requested on this brief, two-page questionnaire.

Please return your completed questionnaire by June 30, 2000, along with any supporting documents, to either your RD&T
program manager (who will compile additional parts of the questionnaire and send a coordinated response) or directly to:

Scott A. Sabol

Architectural & Building Engineering Technology Department
Vermont Technical College

PO Box 500, Main Street

Randolph Center, VT 05061

or by FAX to 802-728-1390 (return via mail is preferred)

If you have any questions, please call Scott Sabol at 802-728-1272, or e-mail him at ssabol@vtc.vsc.edu

Below, please provide the information requested for the person completing the questionnaire or whoever should be
contacted to obtain any follow-up information. This special questionnaire should be completed by a customer of the
state DOT’s research program (e.g., an end user of research products).

Name:
Title:

Agency/Organization:
Mailing Address:

Telephone: FAX: E-mail:

Thank you for your assistance in completing this questionnaire! Please go to the following page.
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1.

Are you familiar with how your RD&T program measures its own performance? ~_Yes  No
If yes—please briefly describe how you believe that the program measures its performance:
. Do you measure the RD&T program’s performance in the same manner as you think it self-evaluates its

performance? Yes No

If No, what items/issues do you track to evaluate the effectiveness of the RD&T program?

. On a scale of 1 (low) to 10 (high), circle the number that best matches your perception of the RD&T program’s

effectiveness at improving transportation within your state by providing useful research products for you and
your staff:

1 2 3 4 5 6 7 8 9 10

. Does the RD&T program contact you to determine the outcome or “payoff” from implemented research

results?

__ Routinely—they contact us in a systematic manner
_ Occasionally, but not in a systematic manner
___ Rarely or never

. If the RD&T program contacts you regarding the “payoff” from research, how often are you able to provide

feedback (preferably quantitative) regarding the usefulness or outcome from using the research results?

___ Routinely—we attempt to characterize the payoff in a systematic manner
_ Occasionally
___Rarely or never

. What is the single most important thing that the RD&T program could do (or already does for you) to help you

with your unit’s activities?

. Does your operating unit have performance measures (with established benchmarks/goals) against which it is

regularly evaluated?

Thank you for completing the questionnaire. Please return your response, preferably by mail instead of FAX, no later

than June 30, 2000 7o the address shown on the first page.
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Summaries of Questionnaire Responses

STATE DOT RD&T PROGRAMS

QUESTIONS 5-8 AND 10
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STATE 5 6 7 8 10
PMs in other If not PM, how Most important need or Differentiate among Other comments
units evaluate unit measuring issue/tool/info RD&T
AK
AZ Y Meeting goals Desire by upper Construction-related
established during management for PMs projects measured by
strategic planning on-time performance
CA Useful methods with wide
acceptance
CO Y Tracking of deployed Y—through individual
research performance plans
CT Completion of quarterly Y—some tailoring
program reviews
DE Y Need full-time research unit Y-some special PMs
with staff used for T activity
FL Y Awareness of need N
GA N Staffing to allow the N
performance to be
adequately studied
HI N
IL Feedback from customers N New PM system
expected by end of
2001
KS Calculation of benefits from Reports published,
implemented research distributed, etc., also
tracked
KY Y Timeliness & Effective implementation of N
implementation research results
LA Y Develop meaningful N
indicators
ME Y DOT strategic plan, Institutionalizing the See below
goals, and objectives. implementation of research
Also “transportation results across MDOT
indicators”
MD Y Usefulness of research N
MN
MS Y Input from construction & N
maintenance units to
determine if findings are put
into practice (and to identify
problems for future
research)
MT More time/staff N
NE Y Periodic informal Tracking and documenting N
checks & reviews of implementation of research
completed research results; identifying the
success factors of a research
program
NV N Related to meeting Agreed-upon, acceptable N
goals set in Peer methods of measurement
Exchange process with buy-in from top
management and technical
divisions (“customers”)
NH
NJ Y See below Customer satisfaction and N (may later)
research implementation
surveys
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NY

Accurate quantification of
benefits (done in
conjunction with client to
avoid appearing self-
serving)

Y (no benefits assigned
to tech transfer
activities)

See below

OK

Feedback on how the
information provided
through research was used
and if it was useful in the
decision-making process

N

See below

PA

Customer input

Y See below

Z|=<

See below.

Information from other
units on how research
results are used

N

SC

Establishment of fair and
realistic methods of
measuring performance

See below

Additional staff and input
from customers

X

Standard methodology for
estimating program-level
benefits

N

uUT

Good data

Y (different goals, end
users, and feedback
mechanisms)

VA

wY

Buy-in at the executive-staff
level to all the staffing to
increase to allow for
adequate performance
measurement

N

ME: Some performance measures were developed years ago (e.g., no. of projects completed, no. of recommendations given to a policy group), but these have not

been implemented nor are they expected to.
NJ: As a new organization, the first years are being spent organizing—-measuring of performance comes later.

NY: Without performance measures, the true worth of the research program to the agency is never recognized. This is okay in good times, but in bad times, the

research program must have the numbers to defend its continued presence.
OK: Efforts that require too much labor are not effective. Customer satisfaction is a driving concern, so many efforts are geared toward that end.
PA: T services are measured after each class and a biennial survey is conducted.
RI: RIDOT is a small organization and its effectiveness can be done through observation (without formal process).
TN: No formal evaluation—management implements results on case-by-case basis.




QUESTIONS 1 AND 2
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STATE

Ql

Q2

Formal
measure exists?

Project
selection

Project
management

Post-project
implementation

Staff
productivity

Program
benefits

Other

AK*

AZ

Y

CA

Y

Cco

Y

In progress

CT

Y

Y

DE

FL

<<=

Y (see below)

Y

GA

HI

IL

KS

KY

LA

See below

ME

MD

MN

==

==

MS

MT

NE

NV

Z|Z|< (<<= Z < Z << Z | Z (< Z ] <] << =<

NH

N (see below)

NJ

NY

~<|Z

Y (see below)

OK

Y (begin July
2000)

==

Y (see below)

PA

Y (see below)

RI

SC

N

X

Y (see below)

uUT

<|=<|Zz|Zz|Z|<

Y (see below)

VT

N (see below)

VA

N (see below)

WY

N (see below)

*Indicates questionnaire response not received for this questionnaire, but at least one other unit did provide response.
FL: Related to delivery of expected products, not on-time, on-budget performance.
LA: Numbers of projects started, completed, and continuing. LA DOTD is currently updating strategic plan and developing performance indicators (not
measures) for the areas noted above in Question 2 (see LTRC Report, “Development of Performance Indicators for DOTD Programs,” by T.G. Ray, May 1998).
NH: Has done little to date with performance measures—efforts concentrated in 2001.
NY: The number of technology transfer events is measured because of the difficulty in measuring the incremental benefit of each event. Also, the costs of
providing technical consultation (problem solving) are reported, but the benefits would be reported elsewhere.
OK: Customer satisfaction.
PA: Customer satisfaction.
TX: Measure number of colleges and universities with active research projects; measure number of total active research projects.

UT: New products evaluation program.

VT: Provided responses via personal interview instead of questionnaire. No formal performance measure mechanisms in place.

VA: Provided a summary of performance indicators (not measures) recently put into place in the areas of: customer satisfaction (customer satisfaction surveys,

customer anecdotes, requests for library services or publications); innovations implemented (number of specifications revised, number of recommendations
implemented, number of facilities with extended service life, number of legislative or policy changes, dollar value of costs saved/avoided); advancing the state of

the art (number of refereed publications, number of presentations at conferences, number of committee memberships, number of reports published, number of

“hits” on website); personnel development (number of graduating transportation students supported by VIRC at Univ. of Virginia and VPI, number of

courses/workshops taught by VTRC staff, number of LT AP-sponsored courses, number of LTAP workshop participants).

WY: Some information provided on WY practices for areas not formally measured.
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QUESTION 3(A)—PROJECT SELECTION/PROGRAMMING

STATE

Qualitative
measure

Quantitative
measure

Written
description

How measured

AK

AZ

CA

Cost/benefit

Do projects selected match strategic direction?

CT

Per State Transportation Research Manual

DE

FL

=< ===

Z| ===

Distribution of funds & number of projects compared to needs and
available funding

GA

HI

IL

KY

KS

LA

ME

MD

<z

From process on Research Proposal Evaluation Form

MS

MT

NE

NV

NH

NJ

NY

OK

PA

Matrix used for tracking; also, customer satisfaction survey card used

RI

SC

N

TX

uUT

Annual workshop held; diversity of participants and projects

VA

WYy

Question 3(a)-continued

STATE

Measurement
frequency

Why measured

How benchmarks established

AK

AZ

CA

Project selection
cycle

Ensure that projects address DOT

issue

Research Program Advisors Council reviews

(6[0)

Annual project
selection cycle

Ensure projects focus on important
department issues

Research and Implementation Council develops with Chief
Engineer

CT

Project selection
cycle

Provides accountability to problem

submitters

By synchronizing project selection process with major research
program schedules for work program development

DE

FL

Annually

Satisfy department needs

Discussions with top management

GA

HI

IL

KY

KS

LA

ME

MD

Annually

MN

Annually

To select the “right” projects

Polling MnDOT management and customers

MS

MT

NE
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NH

NJ

NY

OK

PA

Monthly

Make program adjustments based on

customer input

Past experience and other methods

RI

SC

N

X

uT

Annually

Select most pressing problems and
maintain balanced program

Division, upper management, and stakeholder input

VA

WY

Question 3(a)-continued

STATE

Frequency of goal
updating

Actions triggered if goals not met

Actions triggered if goals
exceeded

Agency satisfied with
measures

AK

AZ

CA

Every project
selection cycle

Y-advise project leader of decision
and ways to improve

N

CO

Annually

Y

Y

CT

Annually

Y (see below)

See below

DE

FL

With strategic or
long-range plans

N

z| |<|z| =z

Y

GA

HI

IL

KY

KS

LA

ME

MD

Annually

Y

N

N-periodically review and
revise

MN

As needed

Y (project not selected for funding)

Y (funded)

Continually improving

MS

MT

NE

NV

NH

NJ

NY

OK

PA

Annually

N-looking for
improvements

RI

SC

N

TX

UT

Annually

VA

WY

CT: Special efforts are made to complete project selection on time for targeted research programs.
Goals are focused on maintaining a responsive project selection process.
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QUESTION 3(B)—PROJECT-LEVEL MANAGEMENT

STATE

Qualitative
measure

Quantitative
measure

Written
description

How measured

AK

AZ

Y

Process/progress status report

CA

Y

Project work plan and costs

Individual performance objectives in researcher’s performance
evaluations

CT

Per State Transportation Research Manual

DE

FL

=< =< =|=

< <l <<z

Completeness of research

GA

HI

IL

KY

KS

LA

ME

MD

Use contract expiration date as indication of timeliness. Use
deliverables descriptions to evaluate content.

MS

MT

Technical panel judges content of project; Research Manager tracks
timeliness and budget

NE

NV

NH

NJ

NY

Time and budget compared to original projections

OK

Adherence to deadlines

PA

===

===

Matrices of tracking information used

RI

SC

N

X

uT

Through observation by technical advisory committee (TAC) and
project manager for each study

VA

WYy

N

Based on research contract

Question 3(b)-continued

STATE

Measurement
frequency

Why measured

How benchmarks established

AK

AZ

Quarterly

To track progress

CA

Quarterly

To assist project mgrs and program mgmt

Based on each project’s work plan

(6[0)

Annually

On-time completion provides some indication
of benefit from research

Project work plans

CT

Quarterly

To instigate corrective action

Through annual work program development processes

DE

FL

Each project

Peer reviews

GA

HI

IL

KY

KS

LA

ME

MD

Annually

Ensure that customer needs are met

Quarterly (goal)

Closely measured research helps achieve goals

Negotiation between researcher and technical advisor

MS

MT

Continually

To ensure efficient receipt of desired product

Negotiation between researcher and technical panel

NE
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NV
NH
NJ
NY Annually To determine if researchers plan their projects Time and budget as originally projected
well and if the clients receive products when
expected
OK Annually
PA Monthly To track project timeliness and budget issues Past experience
RI
SC
N
X
UT Annually To create good work plans, get appropriate TAC feedback and region/division visits
TAC membership, keep projects on schedule,
and product quality deliverables
VA
wY Quarterly per Accountability, to lead to credibility and
project viability
Question 3(b)-continued
STATE
Frequency of goal Actions triggered if Actions triggered if Agency satisfied with measures
updating goals not met goals exceeded
AK
AZ
CA As needed Y Y Y
CcO At project initiation Y-lower individual Y-higher individual See below
performance rating performance rating
CT Annually (or as Y—correction action Y—varies based on See State Transportation Research Manual
needed) nature of performance
DE
FL With every strategic Y N
or long-range plan
GA
HI
IL
KY
KS
LA
ME
MD Annually Y N N-review and update periodically
MN On project basis Y (withhold May pursue patent Unsatisfactory timeliness suggests improvement
(time needs payments) needed
sometimes change)
MS
MT As needed (on Y (PI is contacted) N Moving toward more objective measures
project basis)
NE
NV
NH
NJ
NY When updating the Y (but not helpful) N Most projects are completed near budget but over
Policy and schedule, which is problematic if the schedule
Procedural Manual problems result from poor planning (instead of
actual research problems)
OK Annually N N
PA Annually Y N Y
RI
SC
N
X
UT Annually and at Y N N
conclusion of project
VA
wY Y (not Y (not formal/written) Y
formal/written)

CO: Changed conditions and poor performance from university researchers complicate process.
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QUESTION 3(C)—POST-PROJECT IMPLEMENTATION

STATE

Qualitative
measure

Quantitative
measure

Written
description

How measured

AK

AZ

CA

N

Measure is under development

Cco

CT

Y

See StateTransportation Research Manual

DE

FL

Actual vs. planned activities

HI

IL

KY

KS

LA

ME

MD

=<

=<

Close-out memo discussing implementation is initiated

MS

MT

NE

NH

NJ

NY

OK

PA

Being
developed

SC

N

X

Percent and number of research recommendations implemented
within 2 years of project completion

uT

Feedback on completed studies at quarterly implementation
meeting. Track for 2+ years.

VA

WYy

Question 3(c)-continued

STATE

Measurement frequency

Why measured

How benchmarks established

AK

AZ

CA

Unused research results wastes money

Co

CT

Annually

Document value of research to ConnDOT

Varies by nature of project

DE

FL

Project selection cycle

Research Center Manager
develops

GA

HI

IL

About 3 yrs after project
completion

Goal of research program is to change current practice

KY

KS

LA

ME

MD

Annually

Determine usefulness of research

Discussions between
researcher and user

Project-specific (tracking

system)

Determine return on investment

Identified in implementation
planning process

MS
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MT

On completion of project

Implementation is considered essential indicator of quality of
program

NE

NV

NH

NJ

NY

OK

PA

RI

SC

X

Quarterly estimate; annual
determination

Determine if research results are implementable: determine
how successful TxDOT is in implementing new products and
processes

By state legislature

UT

Quarterly

Evaluate the quality of deliverables over time; put resources to
implementation activities; select T strategies

Action items are assigned at
quarterly meeting

VA

WY

Question 3(c)-continued

STATE

Frequency of goal updating

Actions triggered if
goals exceeded

Actions triggered if
goals not met

Agency satisfied with measures

AK

AZ

CA

N N

N

CoO

CT

Y—Manager takes Y
corrective action

Y—see State Transportation Research

Manual

DE

FL

With every strategic or long-
range plane

N N

GA

HI

IL

N (see below)

KY

KS

LA

ME

MD

Annually

N-review and revise periodically

MN

Not updated (once
established for a project)

Y

MS

MT

As needed

N-moving toward more objective

approaches

NE

NV

NH

NJ

NY

OK

PA

RI

SC

N

X

Every 2 years

See below

UT

Annually

=z
z|Z

N-need new tools to monitor

implementation and T*

VA

WY

IL: This measure does not reflect the importance of research that shows something should not be implemented. The measure is also insensitive to the “problem
solving” nature of research that is important to top management.
TX: Trying to change from “percentage of researcher recommendations implemented” to “percentage of products resulting from research implemented.”
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QUESTION 3(D)—STAFF PRODUCTIVITY

STATE

Qualitative
measure

Written
description

Quantitative
measure

How measured

AK

AZ

CA

No good method developed—
extremely difficult

CO

Individual performance plans and
evaluations

CT

See State Transportation Research
Manual

DE

FL

Review & performance planning

GA

HI

IL

KY

KS

LA

ME

MD

Y

MN

(in development)

MS

Y

Agency-wide performance
evaluation criteria

MT

NE

NV

NH

NJ

NY

OK

PA

RI

SC

X

uUT

Staff plans are tied to department
goals. Track the number of projects
managed vs. planned and measure
expenditures vs. planned

VA

wY

Subjective estimation by questioning
end users

Question 3(d)-continued

STATE

Measurement frequency

Why measured

How benchmarks established

AK

AZ

CA

CO

Annually

State law requires

Negotiation between employee and
supervisor

CT

Quarterly

Control progress of work

Through annual work program

DE

FL

Annually

Research Center Director develops

GA

HI

IL

KY

KS

LA

ME

MD

Annually

All employees participate in annual
performance review

Through discussions (supervisor and
employee)
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MS

Annually

Ensure staff performance

Supervisors decide

MT

NE

NV

NH

NJ

NY

OK

PA

RI

SC

X

uUT

Annually

Feedback into process, such as “Is
training needed for staff?”

Educated guess

VA

WY

Occasionally

To show how research is paying off

None

Question 3(d)-continued

STATE

Frequency of goal updating

Actions triggered if goals
not met

Actions triggered if goals
exceeded

Agency satisfied with measures

AK

AZ

CA

CO

Annually

Y—low rating

Y-high rating (see
comment)

See below

CT

Annually

Y

Y

Y-—system is acceptable

DE

FL

Annually

Y

Y

GA

HI

IL

KY

KS

LA

ME

MD

Annually

Annual review and revision as
needed

MN

(measures in development)

MS

As needed

MT

NE

NV

NH

NJ

NY

OK

PA

RI

SC

N

X

UT

Annually

N

VA

WY

N

CO: Someday exceeding or not meeting goals may be related to pay.
Unsatisfied with process because so much judgment is involved and it is perceived as not adjusting adequately for the different requirements of different jobs
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Question 3(E)—PROGRAM-LEVEL BENEFITS

STATE

Qualitative
measure

Quantitative
measure

Written
description

How measured

AK

AZ

CA

N

Estimated cost/benefit

CO

CT

See below

DE

FL

See below

GA

HI

IL

KY

KS

Total benefits divided by total program cost

LA

ME

MD

Meeting of goals and objectives

MN

(measures in
development)

MS

MT

NE

NV

NH

NJ

NY

Overall benefits (capital/operational savings, etc.) for
completed projects are determined and compared to total
research program costs

OK

PA

RI

SC

N

TX

UT

Have programs graded by end users. Attempts made to
estimate monetary benefits.

VA

WY

Y

Y

N

By response of end users

CT: Measures specific to a program are used.

FL: Office of Policy Planning and Governmental Accountability Transportation Commission—Performance Measures used.

Question 3(e)-continued

STATE
How benchmarks
Measurement frequency Why measured established
AK
AZ
CA Irregular- based on political requests Program-level C/B, not
project-level
Cco
CT Quarterly Document benefits In annual work program
DE
FL Annually Mission support Not known
GA
HI
IL
KS Annually Upper management decision No benchmarks
established
KY
LA
ME
MD Annually Mutual agreement
MN
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MS

MT

NE

NV

NH

NJ

NY

Annually (but benefit-cost ratio is three-
year average to smooth out spikes)

To evaluate the benefit/cost ratio of the program

Target B/C ratio is set to
1.0 (see below)

OK

PA

RI

SC

N

TX

uT

Annually

Shows value of research; identifies the types of
studies that are successful; improves the process

Staff input with
management approval

VA

WYy

Occasionally

NY: Benefit/cost ratio of 1 seems low, but other services the program provides increase the overall value of the program to the department.

Question 3(e)-continued

STATE

Frequency of goal updating

Actions triggered if
goals not met

Actions triggered if
goals exceeded

Agency satisfied with measures

AK

AZ

CA

Periodic, irregular

CT

Annually

N
Y

N
Y

<z

DE

FL

Annually

GA

HI

IL

KS

Y (see below)

KY

LA

ME

MD

Annually

Review and revised as needed

MN

(measures in development)

MS

MT

NE

NV

NH

NJ

NY

When updating Policy and
Procedure Manual

Y (management attention
alerted)

Y (use of $$$ B/C ratio easily
understood by upper management)

OK

PA

RI

SC

N

X

UT

With strategic or long-term
plans

VA

WY

KS: Obtaining accurate and complete benefit-cost ratio information is a continuing challenge.
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QUESTION 3(F)—OTHER

STATE

Quantitative
measure

Qualitative
measure

Written description

How measured

AK

AZ

CA

CT

DE

FL

GA

HI

IL

KY

KS

LA

ME

MD

MS

MT

NE

NV

NH

NJ

NY

Number of T activities measured by staff participation and number

of events;
Cost of consultation efforts is reported

OK

Customers surveyed as projects are completed

PA

==

SC

TX

By simple tally of projects and universities under contract

UT

<[~

Percent of products evaluated; percent of complaints resolved; value

added

VA

WY

Question 3(f)-continued

STATE

Measurement frequency

Why measured

How benchmarks established

AK

AZ

CA

CT

DE

FL

GA

HI

IL

KY

KS

LA

ME

MD

MS

MT

NE

NV

NH

NJ
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NY Annually See below No benchmarks
OK Annually
PA As needed (3-4x/year) Determine if program is helpful to customers Customer Service Index guidelines
RI
SC
™N
X Quarterly Measures size of program and diversity of program State legislature
participants
UT Annually Improve the introduction of new products and processes Staff input with management
approval
VA
WY

NY: T activities measured to report on type and number of activities; consultation costs to report involvement in solving clients’ problems.

Question 3(f)-continued

STATE

Frequency of goal
updating

Actions triggered if
goals not met

Actions triggered if
goals exceeded

Agency satisfied with measures

AK

CA

CT

DE

FL

GA

HI

IL

KY

KS

LA

ME

MD

MS

MT

NE

NV

NH

NJ

NY

T°—No (searching for method that does better than
just represent a presence of the activity)
Consultation—Yes

OK

Annually

PA

Each project

~<|Z

Z|Z

Y

RI

SC

X

Every 2 years

Y

UT

Every 2 years

~<|Z

z|Z

N—currently a Quality Improvement Team is
reinventing this process

VA

WY
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QUESTION 4

(Primary reason(s) shown with #; if no specifics noted, an X is shown)

STATE DOT RD&T PROGRAMS

STATE
Project Post-project Program
selection Project mgmt implementation Staff productivity benefits Other

AK

AZ B, E* E® B, E®

CA cND B,C,F»

CO X X

CT

DE CND,E CNE B,CMNE

FL

GA crND B, C*

HI B, C,E* B, C,E® B, C,E* B, C,E® B, C,E*

IL X X

KS

KY AN E® DN E

LA E (see below) E E E

ME E, F” (see below) C, Er

MD cr

MN

MS

MT E, F» E, F* E, F* F (see below)

inadequate staffing

NE B~ B~

NV B~ E® E® B

NH X X X X

NJ F” (see below) F F F» FA F
NY AN D» AN B, D

OK B, C* B,C* B,CMNE

PA A,BND D»

RI CNE B" C,E

SC A,BNE BMNE BN CLE

N B B,E B~ B~

X B, E® B, C,E*

uT

VA
WY CNE B,CMNE

CA — F”: Results can be skewed by addressing what is measured, not the overall usefulness to the department.

LA: For all—measures not useful, indicators may be.

ME: Because implementation of research results is in the hands of other units and is not institutional, it is difficult to use as a performance measure for the
research unit.

MI: inadequate staffing.

NJ: Performance measurements will be done during the third year of current strategic plan (currently in Year I—building the organization).
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STATE
Use same or
Familiar with RD&T | different method
performance to evaluate Perceived Non-RD&T units
measurement RD&T effectiveness Critical information using PMs
AK No formal PMs exist Timeliness & 4 Ratio of research costs to Design
budget adherence design/construction/maintenance Construction
savings
AZ
CA N N-Use specific 7 Departmental savings; reduction in Construction
projects or system delays and accidents Maintenance
emphasis areas. Project Development
CcO Y N-actual 6 Conclusions of the research (good or See below
application of bad) and action plan for implementation
research
conclusions is
tracked
CT (Construction Admin) Y 8 Resources and time required to Construction
implement project results; projected and Maintenance
actual benefits from implementation Engineering
(Chief Engineer) Y Y (see below) 8 Quantifiable information on research Design
implementation results Right-of-Way
Public
Transportation (bus,
rail, aviation, ferries,
ports)
DE
FL
GA N N 7 Documentation of results of research Design, Maintenance
initiatives that have been incorporated Construction,
into business practices Planning
HI Y Y 8 Effectiveness of results All units
IL Y Y 8 Implementable products Y (see below)
KS Y Y 8 Number of implementable products and | Y (noted in strategic
cost-benefit plan)
KY
LA Y N 6 Practical application of results Project letting
Maintenance
ME (Planning, Research, 5 Measures of efficiency (cost- Planning
& Community effectiveness, productivity) and
Services) N improved performance (quality, service
life)
(Maintenance & Y 7 Implementation of MDOT or other
Operations) Y DOT research that results in
improvement
MD (Chief Engineer — N 6 Improved operational efficiency (e.g., Y (noted in Business
Ops) N safety and system performance) Plan)
(Planning Director) Y 5 Documentation of implementation and All offices (SHA
benefits Business Plan)
MN
MS Y Y 7 Implementation of findings and Y (agency-wide for
identification of problems for future program-level staff
research productivity)
MT Y N 6 Amount of research implemented by In progress
MDT
NE Y N 8 Types of infrastructure with lower Y (agency-wide
maintenance; cost-effectiveness of new document)
facilities/procedures; before-and-after
safety statistics
NV
NH See below
NJ (Capital Program) N N 5 Number of projects implemented and Design
time to implementation Construction
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NJ (Operations) N N Recently initiated
(Planning, several
Research, & Local Success in completing individual Y
Gov’t) Y projects that can impact department
operations
NY Y N Benefit-cost ratio; documentation that Construction
RD&T is solving problems of interest Design
to the program areas it serves Maintenance
OK (Deputy Director) N ODOT
implementation of
performance
measures established
in 2000 for the first
time
(Chief Engineer) N N Timely completion of research on N
issues; projects selected as being of
interest to ODTO
(Asst. Director — Return on investment Maintenance
Operations) Y
(Asst. Director — N Return on investment; useful results Just starting
Preconstruction) N over 10 yr, 5 yr, 2 yr periods
PA
RI
SC Y Y Cost vs. savings N
N N Y Percentage of projects implemented Y (strategic-plan
related)
X Y Y Focus on implementation of Y
results/products and cost savings
uUT Y Y See below Y
VA
WY

CA, CO: Has unspecified benchmarks, but no actions are triggered if goals unmet.
CO: Quantifiable measures for all units under development.

CT: Performance is tracked within work scopes, budgets, and time frames; remedial measures instituted if goals not met.
IL: Changing department-wide PMs to use the “balanced scorecard” approach by Kaplan & Norton.
NH: Has done little with performance measures agency-wide; results reported by RD&T unit.

UT: Summary information indicating new products or technologies that have been successfully implemented and that have measurably resulted in one or more of

the following: increased efficiency, reduced costs, improved quality, reduced maintenance, extended product life cycles.
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STATE

2

2

3

Customer unit(s)

Familiar with RD&T
performance
measurement

Use same or different method to evaluate
RD&T

Perceived
effectiveness

AK*

AZ

ITD
Transportation Technology
Group
Holbrook District
Bridge

z=< ZZ

N-Does the outcome answer the questions?
Y—Results in changes to ADOT specs and
processes
Y

8

CA

Co

Bridge

N-only anecdotally

N

CT

Fiscal Admin
District Maintenance
Pavement Mgmt
Bridge Safety

Y (see below)

DE

FL

Environmental Mgmt
Office
Materials
Scheduling

GA

Maintenance
Bridge
Planning

HI

Oahu District
Materials (several
responses)

IL

District 6
District 8
Anonymous unit

<<zl zZZ<Z<zZ~< < |Z2z<Z

<zz| zzlzz=<| < < |< =

KS

KY

LA

Operations

ME

Management Systems
Bridge Management
Testing
Freight Transport

Z|=<

MD

Construction
Materials Technology
Traffic & Safety
ITS (CHART)
Maintenance
Planning & Preliminary
Engineering

~N 3 O 00 WL QN[O 0 O\ 0|0

MN

Environmental Services
Maintenance
Metropolitan Division
Bridges & Structures
Materials
Freight, Railroads, &
Waterways
Traffic Engg
Standards
Construction

Z< KRZKAK KRR} ZZZI<

Z << Z<] < |z

0O 33

AN 0N

MS

MO

Materials

MT

Environmental Services

NE

Roadway Design
Bridge

NV

Materials
Bridge

0 00|00 |00

NH

NJ

Traffic Operations
Civil Engineering
Structures
Design Services
Operations Support

zZzzzZ<| |Z<|ZZz|z|z

z z=<Z| |Z2zZ |z|z

eIV I REN IS |
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NJ Materials N 5
NY
OK Division Engineer N N 2
Roadway Design Y Y 7
Maintenance N N 4
Planning N Y 6
Division Engineer N Y 7
Division Engineer Y Y 7
Traffic 8
PA Various units (see below) N N 7
Y Y 7
N 8
N 8
N N 8
N N 5
N N 2
N N 6
Y Y 6
Y N 8
N N 8
N N 6
RI
SC Maintenance N 8
Traffic Y Y 8
Bridge Design N N 9
N
X
UT Engineering Services Y N 6
Anonymous unit N N 4
Region Director N N 7
Traffic Operations N N 2
VA
wY Bridge N N 8
Geology N N 10
Anonymous unit N 4
Wetlands and Wildlife N 8
Materials N Y 8

PA: Operating units provided responses on a mistaken understanding of some anonymity; therefore, units are not identified.

STATE* 4 SH* SH* 6
Contacted for Feedback on
feedback “payoff” Biggest need from RD&T Operating unit PM
AK
AZ Routinely Occasionally Continually verify material Y
performance
Rarely Occasionally Y
Occasionally Occasionally How do state-of-the-art technologies Y
really affect construction and
maintenance?
Occasionally Occasionally Continue projects on drilled shaft Y
design and construction
CA
CO Routinely Routinely Continue current fine level of service Y
CT Occasionally Occasionally Specific project on videologging Y—on-time completion of
tasks
Rarely Rarely Provides reports to track projects; Y-miles of pavement rated or
more info on SHRP number of projects completed
Occasionally Occasionally Timely circulation of info; continue N
informational workshops
Rarely Discussions on future needs of N
bridge safety unit
DE
FL Routinely Routinely More funding for environmental issues | Y—short- and long-term goals
Rarely Routinely Well-defined strategic goals; website N
for information; funding for high
Routinely Routinely priority projects
Finance projects to address specific
concerns
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GA Occasionally Occasionally More interaction with RD&T on Y
“real projects” to incorporate findings
Provide support with research in
Rarely Occasionally what we are doing and what we need Y (somewhat)
Continued openness and flexibility
Routinely Routinely regarding new research projects Y (time-based)
HI Routinely Routinely Provide usetful tools to evaluate unit N
activities and overcome deficiencies
with training
Rarely Occasionally Keep funding needed research N
IL Rarely Rarely No District 6 and RD&T interface Y (in development)
currently
Routinely Routinely Continue central clearinghouse role Y (qualitative)
for new products/processes to avoid
district-by-district evaluations
Routinely Occasionally Response to new products and N
implementation
KS
KY
LA Occasionally Occasionally Technical assistance; short Y (established by legislature)
turnaround tasks
ME Routinely Occasionally More marketing of research products Y (not comprehensive)
and efforts
Rarely Rarely N
Routinely Occasionally Investigates new Y (cost-based)
products/technology to determine
where to implement
Occasionally Occasionally Internet searches on emerging Y
subject areas
MD Occasionally Occasionally Provide more info on new Y
technology as it relates to
construction
Rarely Occasionally Support of program goals Some
Occasionally Occasionally Provide funds; keep (units) Some
informed; coordinate overall RD&T
programs
Occasionally Occasionally Support university research program; Y
identify funding for ITS research;
keep ITS unit informed of national
research programs and findings
Routinely Routinely Keeping unit abreast of new Y
technologies
Occasionally Occasionally Continue proactive coordination of Y (in draft form)
the researcher with the requests made
by the planning/engineering office
MN Routinely Routinely Provides a means to answer some N
difficult questions
Routinely Rarely Help stay abreast of current trends Y (not regularly evaluated)
and technology/information
Routinely Routinely Continue to find ways to fund Being developed
RD&T applications for operational
evaluation
Routinely Routinely Strive for effective administrative Y
liaison role to ensure that problems
become projects that become solutions
Routinely Routinely Provide useful products Y
Occasionally Occasionally Locate researchers who are willing
to answer questions/needs (too often, Y
the research compromises to meet
the researchers’ interests)
Occasionally Occasionally Provides an avenue for sharing ideas
and common themes Y
- - Provide funding to do more research
Occasionally Routinely There is not much research related Y
directly to contract and construction
management
MS
MO Occasionally Routinely Study product results of pilot Y

projects using non-specification
technologies/items
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MT Routinely Occasionally Keep unit aware of latest research; N
continue to ask for input and
participation
NE Occasionally Occasionally N
Occasionally Occasionally Y
NV Routinely Routinely Research unit does the N
Routinely Occasionally administration so that bridge staff N
can (focus on and) coordinate the
technical issues
NH
NJ Occasionally Occasionally RD&T unit addresses mid-term and Partial (tracking of goals and
long-term problems that traffic unit results)
faces
Routinely Routinely CADD efficiency improvements Y
Routinely Routinely Facilitates contact w/ research Y
investigators and acts as point of
contact on research efforts
Don’t know Don’t know Continue to ask for input on what Y
research to perform
Routinely Occasionally Identify more cost-efficient Y
products/services
Occasionally Occasionally Ensure that implementation plan is N
part of the research
NY
OK Rarely Make reports more practical and less N
technical
Occasionally Occasionally Provide analytical expertise; provide N
and facilitate implementation plans
Rarely N
Occasionally Occasionally Provide guidance to the best Y
literature (esp. economic impacts)
Occasionally Occasionally Advancing our knowledge to Being developed
improve design, construction, and
maintenance
Routinely Occasionally Provide information on N
products/methods performed by
maintenance crews which do not
have designer support
Routinely Occasionally More data-processing support N
PA Occasionally Occasionally Provides administration so that (Varies)
project manager can focus on
technical tasks
Occasionally Occasionally Track implementation
Routinely Occasionally Work with division contact
Occasionally Rarely Provides administration so that
project manager can focus on
technical tasks
Routinely Routinely They help projects to happen now
Rarely Rarely Speed up approval process
Rarely Shorten project selection process to
shorten overall research time
Occasionally Quicken work order approval
Occasionally Occasionally Fast implementation
Routinely Routinely Serves as facilitator
Routinely Routinely
Occasionally Occasionally Helps developing research needs
RI
SC Occasionally Occasionally Continue communication within N
department to determine needed
research or advise of ongoing
research
Routinely Routinely Continue valuable work Work compared to goals in
strategic plan
Routinely Occasionally Good contact with local universities Adherence to strategic plan
for small research projects and number of projects to
complete
™N
X
uUT Occasionally Occasionally Evaluate the approved product list so Y

that it will be compatible with




standard specifications

Occasionally Rarely Proof of concept projects are a waste
of time; need practical products
Occasionally Occasionally Keep up good job of making sure the
research topics are field generated
Occasionally Rarely Screen and thoroughly test ITS
products
VA
wY Occasionally Occasionally Keep unit abreast of ongoing
research and issue periodic call for
proposals
Routinely Occasionally Keep up the library and search
database for information
Rarely Occasionally RD&T funds problems that do not fit

into traditional areas (sometimes) —
for example, GIS was initially

funded by Research. RD&T should
be geared toward more actual

research, but many times we do not
have good candidate projects.

Occasionally Occasionally Provide research $$$ and help
prepare proposals
Occasionally Occasionally Support research and

implementation activities as
requested by (our unit)

*Indicates that questionnaire response not received from customer unit(s), but response was received from RD&T or management unit.
**Questionnaire form had typographical error noting two occurrences of “Question 5.”

CA: Developing its own customer “payoff” feedback process currently.

CT: Fiscal administration assumes that research measures its performance based on completion of task in timely manner.
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APPENDIX C

New York, Utah, and Virginia Summaries of Performance Measure Structure

TRANSPORTATION RESEARCH & DEVELOPMENT BUREAU—DIRECTOR (New York)

Performance Used Benefits/
Function Measure Goal How When By Whom For What Comments
Conduct Engi- 1) Project 1) Research is 1) To monitor 1) Narratives Bureau director | Evaluation of Both perform-
neering Re- narratives in progressing in | the progress of | for each pro- ongoing re- ance measures
search Projects | monthly re- a timely man- each project ject are in- FHWA search pro- ensure that re-
(both in-house | port ner and satis- and to ensure cluded in gram search will
consultation fies client that client is Monthly Re- Division direc- provide direct
and ERTAP) 2) Semi- satisfied port(s) tor (if note- Prioritize re- financial bene-
Annual Pro- 2) Keep re- worthy) source alloca- fits to Depart-
gress and Ex- | search pro- 2) For each 2) Used semi- tion ment (applied
penditure Re- | gram under project, semi- annually Section heads as opposed to
port (SPR) budget and de- | annually check | (based on Fed- Planning re- theoretical re-
Part II liverables ar- expenditures eral Fiscal search of fu- search)
riving on and see that Year) ture program
3) Maximize schedule progress is be-
benefit/cost ing maintained | 3) Done at Facilitate
ratios while 3) Research is according to completion of FHWA over-
satisfying conducted ina | original work each project sight
client cost-effective plan
manner
3) To see that
research is
cost-effective
to Department
Administration/  Newsletters &  Reports, news-  To document Completed re-  Bureau director ~ To ensure that  All reports are
Publications Reports pro- letters, etc., reports/news- ports and their rpts./publ. are edited accord-
duced (in- publishedina | letters that distribution are | Division direc- | of consistent ingto TRB
cluded in timely manner | have been pub- | included in the | tor (if note- quality and are | standards
Monthly Re- and conforms lished and to Monthly Re- worthy) equitably dis-
port) to quality stan- | whom they port tributed within
dard have been dis- Section heads Department
tributed
Document
other admin./
publ. activities
Library Func- Computerized  The Bureau To keep track Library activi- ~ Admin. Asst. Accurate re- Library is util-
tions log of all li- has necessary of all library ties are noted cord keeping ized by many
brary transac- | research mate- | transactions in Monthly Librarian other bureaus
tions rial to perform Report Planning of fu- | in Department
its functions Bureau director | ture operations
Transactions
log tabulations
are also docu-
mented semi-
annually in
SPR Part II
Technology Narratives of ~ Implement To keep track Tech. transfer/  Bureau director =~ Documentation ~ Ensures state-
Transfer/ Train-  tech. transfer new technol- of tech. trans- training activi-  Division direc-  of technology wide imple-
ing activities in ogy throughout  fer activities ties are nar- tor (if note- transfer and mentation of
Monthly Re- entire Depart- rated in worthy) training activi- research and
port ment Make note of Monthly Re- ties new tech. de-
all training ac- | port Section heads velopments
Monthly Re- Provide train- tivities and To see that
port narratives | ing as re- document Course evalua- | Associate stat- | training was Bureau per-
of training ac- | quested and tions are car- istician (for performed to forms statisti-
tivities and client agencies ried out at statistical clients satisfac- | cal consulta-
course evalua- | are satisfied completion of | training) tion tions for entire

tions

the training
session(s)

Department
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Performance Used Benefits/
Function Measure Goal How When By Whom For What Comments
Coordinate Fis-  Records are Accurately up-  To monitor For publication FHWA To collectand  Facilitate
cal Manage- kept up to date records in  that research of Annual Bureau director  coordinate all FHWA over-
ment of De- date a timely, de- program is Work Plan Section heads research in- sight
partments tailed fashion running under SPR Part I1 Project super- formation into
Semi-Annual budget and on | (Oct. 1) visors one source Systematically
Progress and time Division direc- documents and
Expenditure Semi-Annual tor monitors cur-
Report of SPR Work Plan rent research
Part II Re- (Mar. 30) Planners program
search Program Regional Per-
sonnel
General All adminis- Work is com- Used to keep Continuously Division direc-  Justify re- Bureau is run-
Admin., includ- trative re- pleted ontime  Bureau run- tor source/ per- ning smoothly
ing: Budget cords, forms, ning smoothly, Bureau director ~ sonnel deci- and fiscally re-
Personnel Pur-  and proce- Errors are effectively, and Admin. asst. sions sponsible
chasing Travel dures are minimized financially Relevant bu-
Equipment completed sound reau personnel Bureau is
Mail timely and ac- | Stay respon- forced to plan
curately sive to needs future activi-
of the Bureau ties
Library Timely collec- Computerized  To monitor Continuously Division direc-  To track li- Library effi-
tion, retrieval, | operations distribution of tor brary activities | ciently pro-
and distribu- materials and Bureau director | and plan future | vides required
tion of perti- Establish services pro- Admin. asst. acquisitions services
nent research | budget for vided Librarian
material enlarged col-
lection
Write new
mission state-
ment
Publications The timeli- Publications To monitor re-  Continuously, Division direc-  To monitor Reports and
ness, quality, are edited ports, track as milestones tor publications, newsletters
and standards/  within reason- their distribu- activities (i.e., ~ Bureaudirector  distribution, published on
format con- able time ex- tion, and de- project com- Admin. asst. ensure consis-  timely basis, in
formance of pectations and  velop editorial ~ pletion dates) Editor tent style/ accordance
all edited re- according to standards arrive quality of all with appropri-
search publi- accepted tech. Bureau reports/  ate tech. stan-
cations (i.e., and editorial correspondence  dards (i.e.,
reports and standards TRB, Univ. of
newsletters) Chicago, etc.)

Develop edito-
rial “format”
standards for
all Bureau
publications

Working to es-
tablish a com-
puterized
tracking and
distribution
system
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TRANSPORTATION RESEARCH & DEVELOPMENT BUREAU—MATERIALS/PAVEMENTS (New York)

Performance Used Benefits/
Function Measure Goal How When By Whom For What Comments
Materials/ 1) Daily con- 1) See that To see if re- 1) Daily Project super- Used in mak- Narratives of
Pavements Re-  tact with pro-  project is pro- search pro- visors ing budgeting,  all projects are
lated Research ~ ject engineers  gressing gram is being 2) Every 6 (ERS Is) personnel, and  included in
Projects smoothly conducted in months work priority Monthly Re-
2) Engineer- timely and Section head decisions ports, ensuring
ing Research 2) Projectis on  cost-effective 3) Monthly (ERS 1II) the status of
Semi-Annual time and under ~ manner every project
Progress and budget 4) After the Bureau director is updated
Expenditure completion of every month
Report (SPR) 3) Satisfactory each Division direc-
progress for tor
3) Update for | each project
each project in
Monthly Re- 4) Benefit/cost
port significantly
higher than 1
4) Benefit/
cost analysis
Technical As- 1) Daily con- 1) See that To see if re- 1) Daily Section head Used in mak- Ensures that
sistance and tact with pro-  projects are search pro- ing budgeting,  materials/
Consultation ject engineers  progressing gram is being 2) Every 6 Bureau director ~ personnel, and ~ pavements re-
for the Depart- smoothly conducted in months work priority lated research
ment 2) Engineer- timely and Division direc-  decisions can be used by
ing Research 2) Projectis on  cost-effective 3) Monthly tor the Department
Semi-Annual time and under ~ manner
Progress and budget 4) After the
Expenditure Ensure thatre-  completion of
Report (SPR) 3) Satisfactory | search can/will | the Project
progress for be used by the
3) Update for | each project Department
each project in
monthly re- 4) Benfit/cost
port ratio signifi-
cantly higher
4) Benefit/ than 1
cost analysis
Serve on Activities are | Awareness and | Section At the end of Section head To see that Ensures NYS’s
Committees, noted in networking in Monthly Re- the month state needs are | has significant
Technical Ad- Monthly Re- overall materi- | port compiled Bureau director | addressed and | contributions
visory Panels, port als/pavements from individ- state is not du- | to overall re-
etc. research pro- ual monthly Division direc- | plicating other | search com-
gram reports tor (if note- research munity

worthy)

The interests
of NYS are
addressed by
oveall research
community
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Performance Used Benefits/
Function Measure Goal How When By Whom For What Comments
Review Re- 1) Necessary 1) Meet the 1) To ensure 1) During de- Section head 1-4) To de- All research is
search Sugges- | deadline re- program de- timely devel- velopment of velop the re- original
tions (for own quirements velopment opment of the | program Bureau director | search pro-
program, con- are met deadlines program gram to choose | Research will
tact research, 2) As incoming project that be imple-
etc.) 2) Literature 2) State re- 2) Make sure research sug- will provide mented for
search is done | search is not that we are not | gestions come the highest Department
and clients are | used to per- “reinventing in and before benefits to the | use
properly iden- | form research the wheel” start of project state of New
tified that is already York and the
being done 3) Make sure 3) Client meet- structures re-
3) Clients elsewhere; re- | clients are get- | ings are sched- search com-
needs are sat- | search will be ting what they | uled periodi- munity
isfied used by the want cally
Department
4) Benefit/cost 4) To choose 4) In develop-
analysis is 3) Research the best pro- mental stage of
done will be used by | jects to in- program
client clude in the
5) No. of peo- program 5) Included in
ple trained 4) Benefit/cost Monthly Report
ratio is as high | 5) To docu-
as possible ment training
activities and
5) Train people | accomplish-
as requested to | ments
implement re-
search projects
Conduct Re- 1) On time 1) Research is 1) To ensure 1) Semi-Annual  Section head Optimize re- All research is
search Relative  and under conducted ina | research is Progress and search poten- original
to Structures budget timely and progressing on | Expenditure Bureau director  tial
cost-effective schedule Report (SPR) Peer review
2) Literature manner and annual re- Division di- Program de- ensures quality
search is per- 2) To see that view rector (if velopment work
formed, client  2) Researchis | research is noteworthy)

is identified

3) Client(s) is
satisfied

4) No. of re-
ports gener-
ated

5) No. of
papers/
presentations

6) No. of peo-
ple trained

7) Benefit/cost
analysis

original and
will have a use
in structural
applications

3) Document
client’s satis-
faction

4-6) Done on
demand in a
timely manner

7) Benefit/cost
ratios as high
as possible

original and
there is practi-
cal usage for it

3) To show
that research is
or will be use-
ful to the De-
partment

4-6) To
document
work com-
pleted

7) To show
that research is
cost-effective

2) Beginning of
project

3) Project’s
completion

4-6) Included
in Monthly Re-
port

7) At comple-
tion

Personnel and
budget deci-
sions
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TRANSPORTATION RESEARCH & DEVELOPMENT BUREAU—STRUCTURES (New York)

Performance Used Benefits/
Function Measure Goal How When By Whom For What Comments
Technology 1) On time 1) The re- 1) To ensure re- 1) Show that Section head | Optimize re- Ensures timely,
Transfer Activi- | and under search is con- search is pro- project was search poten- practical, and
ties budget ducted in a gressing on conducted in a Bureau direc- | tial cost-effective
timely and schedule timely and cost- | tor implementation
2) Client satis- | cost-effective effective man- Program de- of new technol-
faction manner 2) To show that | ner Division di- | velopment ogy
research will rector (if
3) No. of re- 2) Client’s sat- | have practical 2) After com- noteworthy) | Personnel and
ports isfaction is de- | application pletion of the budget deci-
termined project, solicit sions
4) Benefit/cost 3&5) Document | client for com-
analysis 3&5) Done on | the work com- ments on pro-
demand pleted ject usefulness
5) No. of peo-
ple trained 4) Benefit/cost | 4) To show that | 3&5) Included
ratios as high research is cost- | in the Monthly
as possible effective Report
5) On demand 4) Completion
of project
TRANSPORTATION RESEARCH & DEVELOPMENT BUREAU—TECHNOLOGY TRANSFER (New York)
Performance Used Benefits/
Function Measure Goal How When By Whom For What Comments
Conduct of 1) Semi-Annual 1) Under 1) Project is 1) Every 6 1) Project su- 1) Communicate ~ Each pro-
Research and | Progress Ex- budget and on completed on months pervisors progress with ject’s spend-
Technical As- | penditure Re- time time and under Section heads FHWA, keep ing is moni-
sistance Pro- port (SPR) budget 2) At the end Bureau director | project on tored,
jects 2) Meets needs of every FHWA schedule and making it
2) Monthly Re-  of clients 2) Update on month under budget easier to
port narratives projects’ pro- 2) Section control
3) See that gress 3) Daily/ heads 2&3) Keep track  budget
3) Daily/weekly ~ project is pro- weekly Bureau director | of each project’s
contact with gressing as in- | 3) Update on Division direc- | progress Projects are
project supervi-  tended progress and di-  4) Annually tor reviewed for
sor rection of pro- 4) Make sure di-  both quality
4) Monitor di- | ject 5) Activities 3) Section head | rection of project  and cost-
4) Project re- rection and reported at is on track effectiveness

view meeting

5) Publications
and presenta-
tions

6) Benefit/cost
analysis

progress of
project and as-
sure clients
needs are met

5) Peer review
is positive

6) Benefit/cost
ratio is as high
as reasonably
possible

4) Presentation
of the project’s
progress to date
by principal in-
vestigator to
FHWA and cli-
ents

5) To ensure
quality of work

6) Resource/
personnel justi-
fication; program
development

end of month

6) Benefit/
cost analysis
done upon
completion of
project

4) Section head
Bureau director
Client

FHWA

5) Section head
Bureau director

6) ERS I's
Section heads
Bureau director

5) Peer review/
quality assess-
ment

6) Cost-effec-
tiveness assess-
ment




TRANSPORTATION RESEARCH & DEVELOPMENT BUREAU—TECHNOLOGY TRANSFER (New York)

81

Performance Used Benefits/
Function Measure Goal How When By Whom For What Comments
Technology 1) Log of what Increase De- 1) Keep track of Highlights of 1) Section head  Expose re- The De-
Transfer Activi-  materials are partment’s activities activities in- Bureau director search activi-  partment and
ties: sent to whom awareness of cluded in ties to De- all regional
and when research 2) Ensure appro- ~ Monthly Re- 2) Editor/ partment offices are
1) Distribution priate distribution  port admin. asst. informed of
of TT Materials ~ 2) Published on  Everybody in  of materials practical ad-
time Department Section heads vances in
2) Newsletters receives ap- technology
(TNT & ITS) Timely and use- | propriate ma- Bureau director and research
ful articles terials activities
Updated mail- Keep De-
ing lists partment in-
formed
Statistical Ac- 1) Status log of  1&2) Client’s 1) Personnel/ 1) Log is up- 1&2) Assoc. 1) Keep Statistical
tivities: consultation needs are sat-  resource justifica- dated when stat. track of pro-  consultant is
projects isfied tion new projects/  Section head gress and available to
1) Consultation activities are Bureau director | workload entire De-
Statistical con- 2) Training is added Division direc- partment
2) Training sultation re- appropriate 2) To evaluate tor 2) Feedback
quest forms for particular quality of train- 2) After com- on training Statistical
program area | ing provided pletion of 2) Training bu- | quality/client | training is
2) Course each training reau and client satisfaction tailored to
evaluations program needs of par-
ticular pro-
gram area
Coordination of 1) Semi-Annual 1) Under 1) Status of re- 1) Every 6 1) FHWA 1) Com- This func-
Department- Progress and budget and on  search program months muni- cate tion provides
Sponsored Re- Expenditure time and projects re- 2) All stake- progress, focus to re-
search (includ- Report ported 2) Annual holders, includ-  keep pro- search ac-
ing in-house & 2&3) To for- ing all depart- jects on tivities of
contract re- 2) Research so-  mulate re- 2) Circulated to 3) Annual ment programs,  schedule Department
search, NCHRP, licitations search pro- stakeholders also academia, and and under
TCRP, pooled gram that published in 4) Asneeded,  contractors budget It provides a
funds, etc.) 3) Briefing addresses De-  newsletter varies from process by
books for re- partment’s weekly to an-  3) Bureau di- 2) Client which De-
search advisory  needs and 3) Status of re- nual rector needs are partment’s
panels meets needs search program Division director ~ addressed strategic re-
of client; Re- reported; Rec- Members of search needs
4) “Regular” search is ad- ommendation and appropriate re- 3) Keep are effec-
communication  dressed background in- search panel track of tively de-
with contract through the formation on that the briefing  each re- fined, priori-
management appropriate each research book is pre- search so- tized, and
project program (in- suggestion is pared for licitation re-  implemented
manager, house, con- provided ceived and
NCHRP, TCRP, | tract, or Fed- 4) Important its disposi-
FHWA ... eral, etc.) 4) Varies from activities are tion

4) Documents
are prepared
on time, dead-
lines are met,
effective liai-
son is main-
tained

formal memos to
phone call and in-
formal meetings

included in
Monthly Report

4) Each
program and
funding
source is ef-
fectively
utilized, re-
search pro-
jects are ini-
tiated in a
timely man-
ner, and
progress of
each project
is monitored
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TRANSPORTATION RESEARCH & DEVELOPMENT BUREAU—TECHNOLOGY TRANSFER (New York)

Performance Used Benefits/
Function Measure Goal How When By Whom For What Comments
Support Func- All support These func-tions To keep track ~ Noteworthy ac-  Section head Monitor work ~ These areas
tions (incl. activities pro-  support other of activities tivities are in- Bureau direc-  done in these  virtually run
computer/store-  gressing functions to en- cluded in tor (if note- areas themselves;
room/vehicles/ smoothly (no sure that the pro- Monthly Report ~ worthy) section head
electronic lab) complaints) gram is running only gets in-

smoothly

Future needs are
deter-mined and
planned

Inventories are
maintained

Necessary pa-
perwork is pre-
pared in a timely
manner

Vehicles and
equipment are
safe and in work-
ing order

volved if
there is a
problem

UTAH DOT
PROJECT DEVELOPMENT GROUP
PERFORMANCE MEASURES
Vision:  We are one team pulling together to support the Regions & Divisions in developing quality transportation
projects.
Mission:  We support the development of quality projects which are environmentally sensitive, biddable, and

constructable, providing superior performance to assure customer satisfaction.

Key Business Customer Desired Input Output Efficiency Outcome
Area/Function Expectations Outcome Measure Measure Measure Measure
Division/Section: Research Division
Mission:  Our mission is to provide useful and timely information about new technologies, products, or procedures, to improve the
operations, safety, efficiency, and cost effectiveness of our transportation systems.
Identity & pri- The most press- - A work program - Person hours - Number of re- - % of budget ex- - Through region
oritize research  ing problem fac- aimed at the Stra-  expended on gions/divisions pended on the & division visits,
topics ing the Depart- tegic Goals of UTRAC process present UTRAC process identify if the
ment will be UDOT - Cost of process - Total number of - % divisions, re-  most pressing is-
funded. - Satisfied stake- ideas from work-  gions, & other sues are receiving
holders shop organizations at prioritization, and
- Number of top- | workshop getting funded as
ics funded - % of problems studies through

funded from list

the process.
- Conduct surveys
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Key Business | Customer | Desired | Input | Output | Efficiency | Outcome
Area/Function |  Expectations | Outcome | Measure | Measure | Measure | Measure
Develop pro- The plan devel- A complete & - Number of stud- - Number of - % of work plans  Interview TACs
jects & work oped has a good well-defined ies programmed work plans com-  completed verbally as well
plans chance to find a work plan for pleted - % of needed as through sur-
solution to the each project that - All tasks in- tasks included in ~ veys to evaluate
problem and has been re- cluded in the the plan the quality &
keeps the stake- viewed & ap- work plan completeness of
holders involved | proved by the work plans.
throughout. problem champi-
ons & TAC
Conduct and/or | Study objectives Contribute to - Cost to manage | - Number of stud- | - % studies com- | Conduct exit sur-
manage projects | achieved. The knowledge base. the study ies completed pleted vs. veys through
recommendations | Recommend im- | - Total cost to - Months needed | planned TAC:s to evaluate
& findings coin- proved specifica- | complete study to complete each | - % of funding to | the quality &
cide with the tions, policies, - Months pro- study manage each completeness of
problem state- procedures, etc. grammed to study study deliver-
ment & plan. Deliver design complete each - % of funding ables.
tools, expert sys- | study required to com- Region/division
tems, lab tests, plete each study visits will be used
software pack- - % of TAC meet- | to evaluate the
ages, etc. ings held & value of com-
members there pleted studies.
- % of final re- Gather informa-
ports tion on benefits
- % of total re- achieved.
search budget
expended
Implement find- | Timely delivery Research findings | - Implementation | - Number of ini- - % of implemen- | Track number &
ings from re- of quality re- are put into prac- | expenditures tiatives imple- taton plans pre- worth of study

search studies
conducted by
UDOT & other
agencies

search products
in a useable form.

tice, and function
as required.

- Number of ini-
tiatives planned

mented

- Estimated bene-
fits in the form of
cost savings, en-
hanced move-
ment of people or

pared

- % of planned
initiatives com-
pleted

- % of funds ex-
pended on im-

deliverables im-
plemented into
UDOT operations
through surveys
& visits.

goods, or im- plementation
proved safety. - Benefit/cost es-
timate for the
program
Information ex- | Timely & appro- | Literature & re- - Number of - Number of ac- - % of newsletters | Estimate value to
change, tech- priate products port distribution, items requested tion items com- published vs. UDOT personnel
nology transfer | representing workshops, train- | or identified as pleted planned & operations of
& peer exchange | state-of-the-art ing, presenta- action items - Number of - % of action items | information ex-
information. tions, InfoX ses- - Cost of info ex- | complaints re- completed change activities
sions, TransX change solved - % of complaints | through ques-
sessions & news- | - Number of resolved tionnaires and
letters complaints re- - % of infoX & Visits.

ceived

TransX sessions
held

New products Fair & timely re-  Current Product - Number of - Number of new - % of submitted Calculate value

evaluation view of all sub- Acceptability products submit-  products reviewed  products reviewed  of new products
mitted products Listing (PAL), ted for review - Number of - % new product implemented into
by responsible technical evalua- - Cost for new complaints re- program of total practice. Survey
functional groups | tion of the prod- product reviews solved budget stakeholders re-
& the New Prod- | ucts, action plan - Number of - % of complaints | lated to the new
ucts Evaluation for the use of complaints resolved products review
Panel (NPEP). each product. process.

Experimental Timely & accu- A technical & - Number of - Number of fea- - % of planned Solicit from ap-

features rate evaluation economic evalua-  planned experi- tures evaluated feature completed ~ propriate region
with appropriate tion resultingina  mental features - Benefits of the - Benefit/cost of personnel esti-
recommendations | recommended ac- | - Cost of estab- program experimental fea- mates on value &
based on sound tion plan for use lishing each fea- tures program quality of ex-
data. of the feature. ture perimental fea-

tures.
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Key Business | Customer | Desired | Input | Output | Efficiency | Outcome
Area/Function |  Expectations | Outcome | Measure | Measure | Measure | Measure
Develop fund- Projects & pro- Enhanced exist- - Cost of submit- - New money - Benefit/cost of Estimate value of
ing sources to grams funded at ing budget to ting external pro-  added to budget submitting pro- the studies
maximize pro- an adequate level.  solve as many of  posals - Hours spent by ~ posals for new funded by exter-
ject & program  New money will UDOT'’s goals as staff members se-  funding nal sources.
value be aimed at possible. curing funds - % of total budget |, National partners
UDOT’s strategic spent on external and funding
goals. proposals agencies will be

used as a data
source.

TECHNOLOGY STRATEGIC OUTCOME AREA

PERFORMANCE MEASURES FOR THE VIRGINIA TRANSPORTATION RESEARCH COUNCIL

Customer Satisfaction: The extent to which VTRC’s customers are satisfied by the choice of projects undertaken by the
staff, timeliness and accuracy of our research, applicability of research to customer problems, responsiveness to requests
for technical assistance, and quality of VTRC products.

Performance Indicators:

e Customer Satisfaction Surveys
e Customer Anecdotes
e No. of Requests for Library Services

e No. of Requests for VTRC Publications

Innovations Implemented: The extent to which VTRC’s research program has led to beneficial changes in improved speci-
fications, extended service life of facilities, operational efficiencies, cost savings, improved safety, etc. for VDOT and the

traveling public.

Performance Indicators:

No.
No.
No.
No.
No.
No.

of Specifications Revised
of VTRC Recommendations Implemented
of New Methodologies Implemented

of Facilities with Extended Service Live
of New Products Evaluated and Implemented
of Legislative or Policy Changes
Dollar Value of Costs Saved/Avoided

Advancing the State of the Art in Transportation: The extent to which the VTRC is influential in advancing the state of the
art and practice at the state and national level.

Performance Indicators:

e No. of Referred Publications

e No. of Papers/Presentations at National Conferences
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e No. of Committee Memberships/Chairmanships on Technical Committees
e No. of VTRC Reports Published
e No. of “Hits” on VTRC Web Site

Develop Tomorrow's Transportation Professionals: The extent to which the VTRC’s Technology Transfer Program and
Graduate Research Assistantship Program produces qualified transportation professionals to serve the needs of the Com-
monwealth.

Performance Indicators:

No. of Graduating Transportation Students Supported by VTRC at UVa and VPI
No. of Short Courses/Workshops Taught by VTRC staff

No. of LTAP-Sponsored Courses

No. of LTAP Workshop Participants
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APPENDIX D
New York Benefit-Cost Procedure

FORM 1: BENEFIT CHECKLIST

| Benefit Areas and Specific Benefits | Net Benefits |
CAPITAL PROGRAM
Labor
Materials
Equipment
Service Life
Contract Duration
Other:
Other:

OPERATING PROGRAM
Maintenance Frequency
Maintenance Equipment
Maintenance Labor
Maintenance Materials
Design Procedures
Other:

Other:

SAFETY AND USERS
Accident Frequency
Accident Severity
Other:

Other:

Travel-Time Savings
Vehicle-Operating Costs
Other:

Other:

NOTE: Additional benefits may exist and should be added if monetary
amounts are significant.

APPENDIX B
GUIDELINES FOR CALCULATING BENEFITS OF RESEARCH

This appendix presents guidelines for analysis and calculation of benefits from completed and proposed research projects,
including the life-cycle and present-worth methods used by the Transportation Research and Development (TR&D)
Bureau. These procedures were designed to estimate monetary values in three areas.

1. Capital Program Benefits: primarily savings in the Department’s out-of-house expenses (such as contract construction),
discussed here in terms of 1) labor, 2) materials, 3) equipment, 4) longer service life, and 5) contract duration.

2. Operating Program Benefits: savings affecting the Department’s in-house expenses, discussed here in terms of 1)
maintenance, and 2) design procedures.

3. Safety and User Benefits: savings associated with improved highway safety (in terms of accident frequency and
severity) and both reduced travel time and vehicle operating/maintenance costs for users.

This benefit-analysis procedure involves calculating net annual benefits for each project within these three benefit areas,
and converting net annual totals to five-year life-cycle, present-worth costs. “Net benefits” are defined here as aggregate
benefits, minus all resulting increased costs of implementation (such as labor, materials, or equipment). When calculating
research performance measures, benefits may be totaled into one single figure. When calculating benefits for proposed
projects, benefits should be reported for each of these three benefit areas on a project-by-project basis. Benefits of research
may be calculated using the following four-step procedure.
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Step 1: Identify Benefits

This involves matching a project’s benefits into one or more of these three broad benefits areas, as well as against specific
benefits within each area. This step is important to avoid overlooking anything that could significantly affect the results.
The checklist in Form 1 is used, listing the specific benefits found in each area. (Additional information about these
specific benefits is given later in these guidelines.) Benefits analyses are often specific to a particular project, and benefits
may result other than those listed in Form 1. If such benefits are found, they should be included in the appropriate area and
listed under “other.” This step also includes identifying any increased costs associated with implementing research
recommendations. Increased costs should be calculated annually by benefit area, and subtracted from the benefits before
converting the area totals to present-worth values.

Step 2: Define Target Area

This involves identifying specific geographic areas of New York State that will be affected by a project’s results. This is
important, especially in terms of regional areas, because certain costs vary significantly according to geographic location.
“Regions” are defined as follows for benefit calculations:

1. Upstate: all locations except Bronx, Kings, Nassau, New York, Queens, Richmond, and Suffolk Counties.
2. Metropolitan: the seven counties just listed in New York City and on Long Island.
3. Statewide, all counties in New York State.

Step 3: Calculate Benefits

In this step, benefits are calculated for the three benefit areas. Two sample problems are provided as examples at the end of
these guidelines (pp. 42—44), with results summed as annual dollar savings. If annual benefits for a specific project may
change from year to year they should be calculated annually for a five-year period, as in the case of such cumulative
benefits as safety-related savings. Assumptions may be necessary during benefit calculation, typically when needed data
either do not exist or are extremely difficult to obtain. Resulting assumptions require good engineering judgment, and
should be clearly identified as assumptions to avoid confusion when calculations are reviewed.

Step 4: Calculate Present-Worth Life-Cycle Cost

This involves converting annual benefits to a present-worth value, and requires two assumptions:

1. Life Cycle: TR&D bases calculations on benefits resulting during only the first five years of implementation.
2. Interest Rate: a 4-percent rate is used for all benefit calculations.

There are two different methods for calculating present worth, depending on type of annual benefits. The method shown on
Form 3 should be used if annual benefits are uniform during the five-year period. The method shown on Form 3 should be
used when annual benefits are non-uniform throughout the five-year period. Sample calculations for both uniform and non-
uniform present-worth calculations are provided at the end of these guidelines.

Capital Program Benefits

Labor

Labor benefits are applicable when a study’s anticipated results can reduce labor cost of a capital project. These benefits
should be determined based on current wage rates and fringe-benefit percentages. It is important to remember that labor
rates in New York State can vary substantially by county—thus, one must define the area within the state to be affected by
the project. The following assumptions are used for all labor-benefit calculations:

1. All labor benefits having statewide effects are calculated using statewide average labor rates.
2. Labor benefits that are regional or occur in New York City are calculated using representative labor rates for that area.



FORM 2: PRESENT-WORTH LIFE-CYCLE-COST WORKSHEET
FOR UNIFORM ANNUAL BENEFITS

Annual Benefit Present Worth
Benefit Area ($/year) A/P Factor $)
Capital Program x 44518 =
Operational Program x 44518 =
Salary and Users x 44518 =

Data: 1= interest rate = 4.0%
N = life-cycle = 5 years
A/P Factor = converts annual payments to present-worth value for a
given life-cycle and interest rate

A/P (4.0%, 5)= (1 + 1) = 1/Ix (1 + DN
= ([1.04]°) — 1/0.04 x (1.04)°
=4.4518

NOTE: This form should be used only when annual benefits within each area do not
change from year to year.

FORM 3: PRESENT-WORTH LIFE-CYCLE-COST WORKSHEET FOR
NON-UNIFORM ANNUAL BENEFITS

Benefit Area Annual Benefit Present Worth Group

and Year ($/year) F/P &) Totals
CAPITAL

1 x0.962=$

2 x0.925=§

3 % 0.889 = $

4 x0.855=%

5 x0.822=$ $
OPERATING

1 x0.962=$

2 x0.925= %

3 % 0.889=$

4 x0.855=§

5 x0.822=§ $
SAFETY

1 %x0.962=$

2 x0.925=§$

3 % 0.889 = $

4 x0.855=%

5 x0.822=$ $
USERS

1 x0.962=$

2 x0.925= %

3 %x0.889=$

4 x0.855=§

5 x0.822=§ $

Data: I = interest rate = 4.0%

N =life-cycle = 5 years
Factor = converts benefits to present-worth value for a given life-cycle and interest rate

Factor (4.0%, N=1-25)=1/(1 + D
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Data Sources

Statewide Averages:
1. Main Office: Design Quality Assurance Bureau or Contract Management Bureau
2. Prevailing Wage Unit (718) 797-7731

Regional and NYC Rates:
1. Study proposals for regional projects from the Design Quality Assurance Bureau
2. New York City Controller’s Unit: (212) 566-2170
3. Upstate rates: NYS Department of Labor: (518) 457-5589

Materials

Capital program benefits can result from reduction in materials quantities and/or costs, and should be based on current
market values. Note that many sources of information concerning current materials costs may also provide information on
associated labor costs—for example, the Weighted Average Bid Prices published semiannually by NYSDOT, providing
information on materials quantities and costs at numerous locations statewide. Not only are materials covered, but also
labor and equipment. When bid prices must be converted to pure materials costs, assume that materials are one-third of
total cost.

Data Sources

1. BAMS (Bid Analysis and Management System): this is a NYSDOT computer system containing the most up-to-date
records for all bid prices statewide. It is designed to call up any bid price or quantity on any contract dating back to
1984.

2. Weighted Average Bid Prices: Office of Engineering, NYSDOT, available in the TR&D Library.

3. Design Quality Assurance Bureau and Management Bureau.

Equipment

Benefits can be achieved through reducing or improving needed equipment, with calculations based on current operating
and equipment costs.

Data Sources (publications available from the Construction Division)
1. Costs Reference Guide for Construction Equipment: Dataquest, Inc., San Jose, Calif.

2. Rental Rate Blue Books: Equipment Guidebook Co., Palo Alto, Calif.
3. Means Heavy Construction Cost Data: R.S. Means Co., Kingston, Mass.

Longer Service Life

Longer lives for capital-improvement projects are beneficial to the Department by reducing the need for reconstruction,
redesign, and related operations. (No data sources are suggested, because service life is highly specific to a given project,
material, or process, but references previously listed here may be helpful.)

Contract Duration

Reduction of contract duration and contract-time overruns provide significant monetary benefits for the Department’s
capital program, especially when lane-closure, lane-rental, and contract-completion-incentive clauses are included in a
contract. (When contract-duration savings are a potential benefit for a project, the Construction Division should be
consulted; other data sources listed here may also be pertinent in calculating this benefit.)
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Operating Program Benefits
Maintenance

This is a major part of the Department’s operating program, and may be identified as having four separate areas for
purposes of identifying benefits: 1) frequency, 2) equipment, 3) labor, and 4) materials. Monetary benefits to the operating
program may result from savings in any or all of these four separate areas. Less frequent maintenance provides savings to
the operating program by allowing workers to conduct more maintenance activities in a given year. Reductions in
maintenance equipment, labor, and materials needed to complete a given task also represent monetary benefits for the
program. Increases in any of these items must be considered when calculating net benefits. Benefits in maintenance
practices should be calculated using maintenance-cost figures provided by the Transportation Maintenance Division.
Because most maintenance activities are conducted by Department forces, it may be inappropriate to use contract bid
prices for benefit calculations, except where the Department has contracted for maintenance work.

Data Sources

. For Department-conducted maintenance: Transportation Maintenance Division (main office and regions)
. For contract maintenance: Weighted Average Bid Prices, Office of Engineering

. BAMS (Bid Analysis and Management System)

. Bridge Inventory System

. Means Heavy Construction Cost Data, R.S. Means Co., Kingston, Mass.

. Rental Rate Blue Books: Equipment Guidebook Co., Palo Alto, Calif.

. Equipment Management Division

~N N R W~

Design Procedures

Savings to the operating program can be calculated in terms of cost-effectiveness of the Department’s design procedures,
including anything from improved design methodologies to improved computer-aided-design packages.

Data Sources (NYSDOT Main Office)

1. Structures Design and Construction Division
2. Design Division (Main Office)
3. Engineering Automation Resource Support Group (Main Office)

Safety Benefits
Accident Frequency

Reduction in accident frequency results in significant savings for the Department. Among the benefits are less maintenance
of damaged roadway facilities, fewer injuries and fatalities, and improved road operating characteristics. Although many
sources exist for accident data and statistics, information from the New York State Department of Motor Vehicles
(NYSDMV) and NYSDOT’s Transportation Planning, Highway Safety, and Traffic Engineering Division (TPHSTE)
should be used in calculating benefits accruing from reduced accident frequency. (Other sources can be helpful in some
instances, but may not reflect typical New York State conditions.)

The TPHSTE Division continuously develops figures for accident-reduction percentages based on road improvements.
They also have worksheets specifically designed for safety-related benefit calculations that provide an organized
acceptable means for calculating these benefits.
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Data Sources

1. Annual Accident Summaries, NYSDMV.

2. Long, G.H., and Watson, J.E. Highway Safety Improvement Program: Procedures and Techniques, NYSDOT Traffic
Engineering and Safety Division, November 1989.

3. Accident Facts (published annually), National Safety Council

Accident Severity

Reduction of accident severity is another safety benefit for the Department, particularly in cases of liability against the
state. By reducing severity, risk of personal injury is diminished as well as likelihood of legal action. Numerous sources
exist for accident information, but statistics developed by NYSDMV and NYSDOT’s TPHSTE Division are the most
useful.

Data Sources

1. Annual Accident Summaries, NYSDMV.

2. Long, G.H., and Watson, J.E. Highway Safety Improvement Program: Procedures and Techniques, NYSDOT Traffic
Engineering and Safety Division, November 1989.

3. Accident Facts (published annually), National Safety Council

User Benefits
Travel Time

These are benefits to system users, rather than monetary benefits to the Department. An interesting characteristic of user
benefits is their magnitude compared to other benefits. Because user benefits affect the entire user public, they generally
result in very high dollar values. Benefits affecting travel time and travel distance are very similar and often identical. Both
depend on monetary values placed on the user’s time, but this by itself is controversial because users generally value their
time very specifically. Many past studies to develop personal dollar values have themselves differed substantially. Travel-
time savings affect three major groups: commercial-vehicle operators, business travelers, and recreational travelers.
Particular assumptions are specific to each type of travel-time benefit:

1. Commercial-Vehicle Operators: they often assume that any time-saving can be translated into additional output by
the crew and perhaps the vehicle. These should be evaluated with caution, because it is often difficult (if not
impossible) to reassign vehicles and crews to other operations.

2. Business-Travel Time: assumptions for business-travel time are similar to those for commercial operations, with
these additional complications: 1) considerable business travel occurs during the road user’s personal time and
savings thus are not necessarily translated into extra output or work, and 2) people often work while traveling, so that
their travel time is not always truly “lost” time.

3. Recreational-Travel Time: these values are expressed as a proportion of average-hourly wage rate on the assumption
that willingness to pay for time savings is related to income measured by wage rate. The following table, prepared by
the Institute of Transportation Engineers, lists recommended values for some in the United States, and should be used
for all travel-time calculations:

Data Sources

1. Transportation Planning Handbook, Institute of Transportation Engineers, 1992.
2. A Manual of User Benefit Analysis of Highway and Transit Improvements, AASHTO, 1977.
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Person-Time In-Vehicle Time  Waiting/Walking Time*
(Person-Hours) ($/Person-Hour) ($/Person-Hour)

Low Time Savings (0—5 min)

Average Trips 0.21 5.85-7.80

Work Trips 0.48 5.85-7.80
Medium Time Savings (5-15 min)

Average Trips 1.80 5.85-7.80

Work Trips 2.40 5.85-7.80
High Time Savings (over 15 min)

Average Trips 3.90 -

Work Trips 3.90 -
Commercial Vehicles

Overall
Single Unit Truck (SUT) 7.00
3-S2 Design Vehicle 8.00

Depends on out-of-vehicle comfort and safety

Vehicle-Operating/Maintenance Cost

Improvement of road conditions or road-design policies may affect vehicle maintenance and operating costs. Again, these
savings might seem fairly trivial, but can be substantial when the entire user public is concerned. Savings in vehicle
operating/maintenance costs producing monetary benefits for the user generally include 1) fuel consumption, 2) lubricants,
3) vehicle maintenance (labor, parts), 4) capital consumption (depreciation), 5) interest on capital employed, 6) wages, and
7) overhead.

Data Sources

1. Transportation Planning Handbook, Institute of Transportation Engineers, 1992.

2. A Manual on User Benefit Analysis of Highway and Bus Transit Improvements, AASHTO, 1977.

3. Zaniewski, J.P, Butler, B.C., Cunningham, G, Elkins, GE., and Paggi, M.S. Vehicle Operating Cost, Fuel
Consumption, and Pavement Type and Condition Factors. Report FHWA/PL-82/001, Texas Research and Development
Foundation (Austin), March 1982.

4. The Highway Design and Maintenance Standards Model. Baltimore: Published for the World Bank by the Johns
Hopkins University Press, 1987.
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SAMPLE PROBLEM 2

Step 1 1. Title: Corrugated-Metal Box-Culverts (CMBC)
2. Description: Calculate potential benefits from using CMBCs (at least 22-ft width) instead of current precast-
concrete box-culverts. Assume Department will continue using box-culverts at a rate equal to current use. This
benefit analysis can be classified as “capital” based on Form 1.

Step 2 Statewide target area
Step 3 1. Assumptions:

1/3 of bid price represents materials

For CMBC, no costs are available for labor and equipment; although probably less than for precast concrete, they
are assumed equal

4% interest rate

S-year life cycle

Design lives are equal

2. From BAMS and Weighted Average Bid Price book:

Two box-culvert items used in previous years (representative of previous annual use)

Item 1 (22’ % 8’) Item 2 (22’ % 8’)
Avg bid price: $1600/1f Avg bid price: $1719/1f
Amount placed: 57 If Amount placed: 40 If

3. Calculate weighted avg bid price
[(57 If) (§1600/1f) + (40 If) ($1719/1£)])/97/1f = $1650/1f
4. Corrected weighted bid price for labor
= ($1650/1f) (1/3) = $550/1f for precast concrete
5. Department’s annual materials cost
= (8$550/1f) (97 1If) = $53,350/yr
6. From Corrugated Metal Box Culvert Mfg. Co.:
Approx materials cost = $330/1f
7. Potential Department cost using CMBC
= ($330/1f) (97 If) = $32,010/yr

8. Annual savings: precast cost — CMBC cost
=$53,350 — $32,010 = $21,340/yr

Step 4 Using Form 2, because annual benefits are the same:

RESULTING BENEFITS = $97,730
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APPENDIX E

Utah Customer Feedback Report

RESEARCH & DEVELOPMENT PROJECT
CUSTOMER FEEDBACK

Projects completed by the Research Division during FY 1996 and 1997 were given a letter grade by champions of the
studies. The personnel grading the projects were asked to use the following criteria:

Grade Description

Major impact—Revised operations

Significant impact—Improved operations

Contributed to state-of-the-art

Unclear or contradicting findings—More study needed
Major tasks not completed—Objectives not met

mg QW >

During this two-year period 39 projects were programmed. Four of the projects were carried over into the next fiscal year
or discontinued, and were not graded. Following are the results of the process.

Grade Number
A 14
B 15
C 6
D -0-
E -0-
discontinued 4

A grade point average for the program is estimated at 3.2 using this method.

This evaluation has proven to be useful to the program managers. An indication of the value of projects by type can be
obtained. For example, during this time period projects related to materials studies received somewhat lower ratings than
other types of studies. The performance of the study investigators is also easily evaluated. Changes in the program can be
implemented, such as how the projects are awarded, funding by project type, training requirements for personnel, etc.



APPENDIX F
Utah Benefit-Cost Report

Benefits of Research & Development Projects

FY 1995, 96, and 97

May 2000
Project Cost-$k Benefit-$k Benefit/Cost

Bridge Reinforcement with Composites | $160 | $900 | 5.6
Composite Retrofit-Pushover Testing | $199 | $4,000 | 20.1
Big Game Crossing | $49 | $120 | 2.4
Teleconferencing at UDOT | $31 | $200 | 6.5
Arcview Applications | $37 | tbd | —
Management of Maintenance Features $69 $500 7.2
Yellow—Green Safety Clothing $8 tbd —
Salt Detention Basins $34 $4,500 1324
Optimization of Traffic Signals $19 875 3.9
Open Graded Surface Course $33 $120 3.6
Wetland Mitigation Banking $164 $800 4.9
Drilled Shaft Resistance $31 $600 19.3
Liquifaction Screening $47 $900 19.1
CalTrans Seismic Review | $12 | $750 | 62.5
Customer Satisfaction | $113 | tbd | —
PM-10 Air Quality Study | $44 | tbd | —
Solvent Based Paint Replacement | $43 | tbd | —
Epoxy Bridge Deck Overlay $20 $320 16.0
Structure I-Beam Access Deterrent $25 $110 44
Pavement Marking Test Section | $60 | $250 | 42
Delineator Posts Buttons vs. Tape $15 $40 2.7
Concrete Patching Evaluation $75 $900 12.0

Totals $1,288 $15,085 11.7

tbd = to be determined.
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APPENDIX G

Example Performance Measure Iltems from RTCC

TABLE A-1
ILLUSTRATIVE SEMI-HYPOTHETICAL EXAMPLES OF CHARACTERIZATION OF R&T FOR PERFORMANCE MEASUREMENT
PURPOSES
Impact on
Category of Direct Primary Goal or Explicit Intermediate Transportation
Research Project Customer Stakeholders Output Outcome System Users
Operational " Advanced ATC Internal-Opn’l " Airlines, airports, - Improved opn’l " More effective Improved capacity
Concepts (FAA) Offices travelers concepts and tech. agency and reduced
investment and | congestion
performance
| |
Regulatory Fuel cell Internal-Opn’l Mariners Improved Better, more Improved marine
propulsion Offices technology efficient safety; reduced
(USCG) mission govt. cost
performance
Tests & analyses  Internal- Automobile Guidance for More effective Improved highway
for Regulatory industry, regulation actions and efficient safety
crashworthiness Office motoring public regulations and
standards standards
(NHTSA)
Truck dynamics Internal- Trucking Understanding of More effective Improved highway
studies (FHWA/ Regulatory industry, truck dynamics and efficient safety
OMCQO) Office motoring public regulations and
| standards |
Policy Cost-benefit of OMB, Internal- Oil industry, Improved practices ~ More effective Less environmental
OPA Regulatory shippers, public and equipment and efficient damage from oil
Regulations Office regulations and  spills
(USCG) standards
HS Rail FRA/DOT States, traveling Economic R&D and More effective
commercial policy; Congress  public, equipment  assessment investment investment of
| feasibility (FRA) | (ISTEA) suppliers | decisions | public funds
| |
National Trans. impacts of ~ Congress Workers, firms, Impact assessment  Federal policy Improved
Needs telecommuting (mandate) telecomm. decisions transportation
(OST) industry planning
ITS architecture State & local Suppliers, hwy. Guidance for More cost- Improved mobility
and standards transp. authorities  users, Congress investments effective ITS and system capacity
(FHWA) deployment and safety
Maglev Congress Suppliers, states Evaluation of tech.  Federal, state, Beneficial
technology (ISTEA) feasibility and cost  and private transportation
(FRA) investments innovation

Alt. fuel buses
(FTA)

Transit system
operators

Suppliers, EPA

Evaluation of tech.
feasibility and cost

Federal, state,
and private
investments

More effective
investment of
public funds
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Applications of Performance Measurements to Various Phases of Research from
Canadian Synthesis of Practice

APPLICABILITY OF EVALUATION METHODS TO TRANSPORTATION R&D

Method

At the beginning—when deciding
what R&D to conduct

| During the R&D process

| At the end—after the R&D has
| been completed

Expert opinion

User/client opinion

Cost-benefit
methods

Case studies

Performance
indicators

A good supplement to user/client opinion (to
provide them with information) and
performance indicators (to value the
indicators). Not particularly useful on its own.

The best method for deciding what R&D to
conduct, especially when supplemented by
expert opinion or information from
performance indicators.

Can be a useful way of prioritizing potential
projects. Also, forces decision makers to think
about the critical success factors. However,
fairly time consuming.

Not useful

A good supplement to user/client opinion.

Good way to monitor the
technical progress of the
R&D

Limited usefulness.

Can be useful for
monitoring if a
cost/benefit analysis has
been done at the
beginning.

Not useful

Can be useful in

structuring the monitoring
process.

Good way of obtaining high quality
information regarding the quality and
potential usefulness and impacts of the
R&D, with relatively little effort.

A fairly easy way of finding out if the
R&D has been/is likely to be useful; but
the results are more useful for program
management purposes than reporting
purposes.

The best way of documenting the
impacts of R&D whose benefits can be
identified and quantified. Assumptions
need to be clearly documented and, in
general, the most challenging method to
use correctly.

The best way of documenting the
impacts of R&D whose benefits can be
identified but not quantified. Not
particularly challenging.

Limited usefulness.

Transportation Association of Canada



THE TRANSPORTATION RESEARCH BOARD is a unit of the National Research
Council, a private, nonprofit institution that provides independent advice on scientific and
technical issues under a congressional charter. The Research Council is the principal operating
arm of the National Academy of Sciences and the National Academy of Engineering.

The mission of the Transportation Research Board is to promote innovation and progress
in transportation by stimulating and conducting research, facilitating the dissemination of
information, and encouraging the implementation of research findings. The Board’s varied
activities annually draw on approximately 4,000 engineers, scientists, and other transportation
researchers and practitioners from the public and private sectors and academia, all of whom
contribute their expertise in the public interest. The program is supported by state
transportation departments, federal agencies including the component administrations of the
U.S. Department of Transportation, and other organizations and individuals interested in the
development of transportation.

The National Academy of Sciences is a nonprofit, self-perpetuating society of distinguished
scholars engaged in scientific and engineering research, dedicated to the furtherance of
science and technology and to their use for the general welfare. Upon the authority of the
charter granted to it by the Congress in 1863, the Academy has a mandate that requires it to
advise the federal government on scientific and technical matters. Dr. Bruce Alberts is
president of the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the
National Academy of Sciences, as a parallel organization of outstanding engineers. It is
autonomous in its administration and in the selection of its members, sharing with the
National Academy of Sciences the responsibility for advising the federal government. The
National Academy of Engineering also sponsors engineering programs aimed at meeting
national needs, encouraging education and research, and recognizes the superior achievements of
engineers. Dr. William A.Wulf is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences
to secure the services of eminent members of appropriate professions in the examination of
policy matters pertaining to the health of the public. The Institute acts under the
responsibility given to the National Academy of Sciences, by its congressional charter to be
an adviser to the federal government and, upon its own initiative, to identify issues of
medical care, research, and education. Dr. Kenneth 1. Shine is president of the Institute of
Medicine.

The National Research Council was organized by the National Academy of Sciences in
1916 to associate the broad community of science and technology with the Academy’s
purposes of furthering knowledge and advising the federal government. Functioning in
accordance with general policies determined by the Academy, the Council has become the
principal operating agency of both the National Academy of Sciences and the National
Academy of Engineering in providing services to the government, the public, and the
scientific and engineering communities. The Council is administered jointly by both
Academies and the Institute of Medicine. Dr. Bruce Alberts and Dr. William A. Wulf are
chairman and vice chairman, respectively, of the National Research Council.



	NCHRP Synthesis 300: Performance Measures for Research, Development, and Technology Programs
	Next
	Previous
	===============
	Project Description
	===============
	TRB Executive Committee 2001
	Performance Measures for Research, Development, and Technology Programs
	Preface
	Foreword
	Acknowledgments
	Contents
	Summary
	Chapter One: Introduction
	What Are Performance Measures?
	Why Are Performance Measures Important to RD&T Programs
	Terms Used in This Synthesis
	What Is The Genesis of Performance Measures?
	Scope and Audience of the Report
	Report Organization

	Chapter Two: History And Purpose Of Performance Measures For RD&T Programs
	Performance Measures as a Means for Improving and Justifying Programs
	Performance Measures in Other Aspects of DOTS and Agencies 
	Regulatory and Administrative Basis
	Impacts of Performance Measures
	Case Study - A Sample Perfomance Measure: Maryland State Highway Administration

	Chapter Three: Issues
	Defining Performance
	What Should Be Measured?
	How Can It Be Measured?
	Commonalities and Differences Among Measures for RD&T
	Cost of Information
	Reliability of Information

	Chapter Four: State DOT Experiences
	Perceived Needs and Priorities
	Current Practices - Performance Measures in Use
	Upper Management Perceptions
	Customer Perceptions
	Gaps (Perceived Needs Versus Perceived Current Abilities/Goals)

	Chapter Five: Other Public And Quasi-Public Agencies
	U.S. Department of Transportation
	National Cooperative Highway Research Program
	National Science Foundation
	National Science and Technology Council
	Other Agencies - International

	Chapter Six: Private Sector Experiences
	Differences Between Private and Public Sectors
	Current Practices - Performance Measures in Use
	Gaps

	Chapter Seven: Academic Sector Experiences
	Differences Between Academic and Public Sectors
	Perceived Needs and Priorities
	Current Practices - Performance Measures in Use
	Gaps

	Chapter Eight: Conclusions
	References
	Appendix A: Questionnaires
	Appendix B: Summaries Of Questionnaire Responses
	Appendix C: New York, Utah, And Virginia Summaries Of Performance Measure Structure
	Appendix D: New York Benefit-Cost Procedure
	Appendix E: Utah Customer Feedback Report
	Appendix F: Utah Benefit-Cost Report
	Appendix G: Example Performance Measure Items from RTCC
	Appendix H: Applications Of Performance Measurements To Various Phases Of Research From Canadian Synthesis Of Practice
	About The Transportation Researsh Board

